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PEEFACE, 



Thb object of the present book is to enable the 
working engineer to instruct himself in an important 
branch of his business. Although especially designed 
for this purpose, the latter part will be found useful 
to the general student ; while it is hoped that to the 
master, who is already familiar with the subject, it 
may be found conyenient as a book of reference. 



Enfield Road North, 
London* J^f^c, 1880. 
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ENGINEERING DRAWING. 




CHAPTER I. 

DBAWINO OPPICE AND FURNISHINGS.* 

It is essential that a room for drawing in should be free 
from damp ; and, in selecting an apartment, it should be as 
high in the building as possible,t as it is not only more 
likely to be dry, but there would be less probability of the 
light being obstructed. A western aspect is the most suitable. 
Window Blinds. — ^Venetian or calico blinds are necessary, 
as, on a clear day, the light should be slightly subduel. 

Drawing Table. — The height of the table should be at back 
about 8 feet 8 inches, and at front (which should be rounded 
over on the top edge) 8 feet 6 inches, on a breadth of 
2 feet 6 inches. The back of the table should be close, and 
parallel to, the window. Trestles may be used, and they 
should be so made as to shift to any height requured.J 

 Although most persons have to accommodate themselves largely 
to circumsts^ces, it is desirable to state what are the requisites of a 
room best suited for drawing in, so that they may, as far as possible 
be obtained. 

t Except next a skylight, light through which, overhead, is un- 
suitable. 

I Common trestles cost about 158. per pair, shifting ditto, 25s. The 
prices here given are the ordinary shop prices, though in these and 
some other articles which follow, the intelligent workman may effect 
saving by making his own. 

B 

^/  



4 MATERIALS. 

Gas Fittings, — The vertical distance of the light from the 
drawing table should be about 2 feet, and the tube — in one 
or more joints — so arranged as to admit of the light being 
moved horizontally, or raised or lowered to any suitable 
position. The socket for the burner should be inclined out- 
wards at an angle of 46° from the vertical, so that, when the 
burner is in its place, and the gas lit, it would throw the 
light down upon the paper.* 

Sundiies. — ^A drawing-office, or a room adjoining it, should 
also contain the following : — ^A duster, a wash-hand basin, 
soap,t towel, and a supply of water. 



CHAPTER IL 
MATERIALS. 

DBAWING BOABDS. 



The first requisite for the mechanical draughtsman is a 
drawing board of suitable dimensions. The two most useful 
sizes are those for whole and half-sheets of double elephant 
drawing paper. The board should be fully half an inch each 
way larger than the paper, as the latter would not adhere 
properly where the gum or glue is applied unless the edge is 
within the board. 

Drawing boards are generally made either of mahogany or 
of fir. The latter is commonly used, on account of its being 
the cheapest ; but the best drawing boards are made from 
old mahogany tables or shop counters, such wood having 
become well seasoned, and therefore less liable to warp. 
The French polish is planed off, so as to prevent staining 
the paper. 

* Under the most fayourable circumstances it is more difficult to 
draw or colour by artificial than by daylight. 

t It being quite essential to have the hands clean. The basin is also 
more convenient than an ordinary tumbler for the use of the sponge 
as well as for washing out palettes. 



DRAWING BOARDS. 8 

A section of a form of board more in favour in {onaer 
timos than now is shown in Fig. 1. This form is good in so 




FIg.L 

far as it saves the trouble of gumming down the paper at the 
edge, but is expensive. 

In the above sections ab represents 'the paper, which, 
when damped, is placed on the lower board e ; the frame d, 
which fits closely all round the edge of the lower board, is 
then squeezed down over the paper as shown at /, and 
secured by the fastenings e e. 

The price of a board of this description for a whole sheet 
of double elephant would be — 

Of mahogany • • 8 ft. 6 in. X 2 ft. 6 in. x f in. 25^. 

„ half-sheet 2 6 x 1 9 x ii 15^^. 

,, smaller size 1 10 x 1 6 x f Is, 

Of fir, whole sheet size 12$. 

„ half-sheet size •••••..&. 8$. 6(i* 

The price of an ordinary well-seasoned plain ooard for a 
whole sheet of double elephant would be — 

Of mahogany 189. 

,, half-sheet size 18$. 

Of fir, whole sheet size Is. 

„ half ,, 4<. 6J« 

Ordinary drawing boards are made in a variety of 
ways to prevent warping, of which the following are speci- 
mens :— 



DRAWING BOARDS. 



Fig. 2 represents a common method of finishing the ends 
of mahogany boards, the comers being mitred and tongned. 
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Fig. & Fig. & 

In Fig. 8 the end piece is put on with a tongue, as at a, 
worked out of the solid wood, or with a feather or tongue 
let in as at b. 

In Fig. 4 the end piece is mortised on. 
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Kg- 4. Fig. 6. 

In Fig. 6 a strip of oak is fitted into a groove. 
is very good for small fir boards. 



This plan 



DRAWINC BOARDS. 6 

When those of Figs. 8 and i tae of fir, however well 
GeRHOoed, they are apt to contract pH ^~^ 

a little with heat, and the eKtremi- 
ties of the end pieces are certain 
to project, and, if adt planed off, 
cause the lines by a T-sqnare to 
be nntme, as shown at Fig. 3, 
Fir boards are more easily acted 
on by the weather than those of 
mahogany. Pi^ g. 

If no cross ends ore pat on, two bars acroBB the back, aa 
at Fig. 7, would prevent the board bending. In this case 



only one side of the board can be used ; a disadvantage, as 
it ie sometimes convenient to have a sheet of paper on each 
side at the same time (the one 
not in immediate nse being 



covered over to pisvent its 
being soiled). These bars are 
more applicable to small-sized 
boards. A large-sized fir board 
is better without cross ends, 
bat having cross bars to pre- 
vent its warping, in which case 
some provision is necessary to 
allow it to expand and contract 
by the weather without damag- 
ing the board. The best of 
these are made vrith a series of 
grooves in the hack about 2 
inches apart, ^th of an inch 
vide, and cat half-way through the thickness, as shown at 
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SQUARES. 





a, Figs. 8 and 9. The bars b at each end of the board on the 
back, Fig. 8, being secured by a screw nail/, passing through 

the bar and nearly through the 
board, in the centre of it; the 
wood being allowed to expand or 
contract on each side by other 
screws sliding in little brass slots 
as at c, Fig. 8, of which Fig. 10 
is a full-sized view, and Fig. 11 
the corresponding section. A nar- 
row strip of hard wood, generally 
ebony, is inserted along one side 
ii«. la Fig. It and one end of the board, a little 

from the edge, as at d e^ Fig. 9, to allow the square to slide 
more easily. This is the most approved modern fir board,"*^ 
and when of a size for a whole sheet of double elephant paper 
costs about 128, 6d., and for half-sheet size about 8^. It is 
almost needless to add that all drawing boards should have 

^ the sides and ends perfectly square to each 
other. A good test of this is obtained by 
measuring across the board by the cape 
I and comer method, in the direction of the 
^- ^^- dotted lines, (Fig. 12). When correct, the 

length a b ia equal to the length c d. 




CHAPTER ra. 



SQUABES. 



Dbawing, or T-squares, so called from their resemblance in 
shape to that letter, are of various sorts. They are gene- 



* Its only disadvantage is that it is impossible, as in the previous 
ttxample given, to have a sheet of paper on both sides. 



SQUAKES. 
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dJ 



rally made of mahogany, pear tree, or ebony. The commo'> 

Bort is that represented in Fig. 18. It 

has an immovable stock a, and a blade 

b, mortised into it. The blade should 

be as long as the longest side of the 

drawing board. If for a whole sheet 

of double elephant, the length should be 

8 feet 6 inches, the breadth 2^ inches, 

and the thickness -^ of an inch. The 

stock should be 1 foot long, 2^ inches 

broad, and H inch thick. 

• Fig. 13. 

The price of such square of mahogany would be 8^. 6d, 
99 ») pear tree „ 4s. 6d. 

A smaller size for half-sheet double elephant will, for most 
purposes, be found more convenient. The size should be : 
blade 2 feet 6 inches long, breadth 2 inches, thickness -A- 
inch ; and the stock 10 inches long, breadth 2 inches, and 
the thickness i inch. 

The price of such square of mahogany would be. 2s. 
„ „ pear tree „ Ss. 6d. 

Squares having the stock projecting only on one side, 
Fig. 14, are suitable for working on a fixed straight-edge, as, 
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Fig. 14. Fig. 16. 

in making large illustrative drawings for lectures on paper 
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SQrAKES. 



fixed on a wall, the blade of the square lies close to the 
paper, a necessity for drawing a straight line correctly. 

A square having a movable stock, shown at a. Fig. 15, is 
useful for drawing a series of lines at an angle to the side 
of the board and parallel to each other. 

The price, fitted with screw pin and nut, of the 
larger size, in mahogany, would be about . 5s. 6d, 

Ditto, pear tree 7s. 

Ditto, ebony lis. 6d. 

Smaller size, in mahogany 4s. 

„ pear tree 5s. 

They are frequently made with a tongue projecting from 

the stock, as at b, Fig. 16, which keeps 
the blade more fiat to the board. It is 
generally of ebony, let into the stock. 
This kind is a little more expensive 
than those already described. 

Others have the blade broader to- 
wards the stock, as in Fig. 17. This 
shape admits of the blade being kept 
steadier to the board, but only one side 
of it can be used for drawing lines 
square to the board, whereas, if an 

accident should occur to one edge of a parallel blade, the 

other edge can be made use of. 
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DRAWING INSTRUMENTS, M0T7LDS, ETC. 9 

Blades, such as in Fig. 17, are simply put on above the 
stock, without either dovetails or mortises, the additional 
breadth affording ample room for a sufficient number of 
screw nails to render it secure. This square also allows the 
little set squares to be used beyond the edge of the drawing 
board if necessary. 

The price of such square, if of pear tree (ebony 

edged), with 8 feet 6 inches blade, is about . 7«. 6<f . 
And of a 2 feet 6 inches blade 5^. Qd, 

It is much better to have the edge of the blade as shown 
at a. Fig. 18, than to have it bevelled, as 
they frequently are, as shown at b, as, 
in the latter case, in making dotted lines 
the pen is apt to get overlifted. 

Every square should have a f inch ^* *^ 

hole near the outer end of the blade to hang it up by, being 
the best way to preserve a T-square in its integrity, 

A square is usually tested by £a:st drawing a line with it 
on any plane surface having a straight side against which to 
bear the stock of square during the operation, and then 
turning it upside down and observing if the same edge of 
blade still coincides with the line, the stock bearing as be- 
fore. If it has a shifting stock, care must be taken that the 
shifting edge is screwed up firmly, flush with the fixed part. 

Pear-tree squares are preferable to those of mahogany, 
being less liable to warp, the material being thin, though 
mahogany has always a cleaner appearance than those of 
the lighter woods when frequently used. 



CHAPTER IV. 

DRAWING INSTRUMENTS, MOULDS, £T0. 

It is a common error to suppose that any sort of instruments 
will suit a beginner. On the contrary he ought, in fairness 

b3 



10 DRAWING INSTRUMFNTS, MOULDS, ETC. 

to himself, to have the very best he can procure. Instru- 
ments of the proper quality can be purchased separately ; oi 
very good second-hand sets, containing most of the necessary 
instruments, can be had for 80^. A new set in a box con- 
taining everything for ordinary use costs from £S 10«. to £4. 
First-class boxes of instruments frequently have duplicates 
of many of those contained in an ordinary set, with scales, 
moulds for curves, sets of colours, palettes, beam compasses, 
having pencil and ink feet for sliding on a straight edge for 
drawing large circles, or round telescopic metal bar for the 
same purpose (the price of a single instrument of the latter 
description, plain, with 8 feet metal tube, ranges from £1 68. 
to £2 10s,), such sets run up in price to £15, or even more. 
When such boxes cannot be afforded, a set for ordinary 
engineering drawing must at least contain the following in- 
struments. Compasses, pencil and ink legs with lengthening 
bar, pencil and ink bows, drawing pen, file and knife, little 
screw keys, parallel rulers, drawing pins, and scales. 

Compasses, &c. — The most useful being those having 
jointed legs, one being removable, and with pencil and ink 
legs to fit in for drawing ordinary sized circles, and with 
a lengthening bar for large circles. The price of which set, 
if of brass, including file with knife end, is about Ids. 6d,, 
of electrum 18^. to 21s. 

PencU and Ink Compasses (or bows) for the smaller circles, 
having a joint in each leg, so that in drawing a circle the 
lower parts may be as vertical as possible (for reasons ex- 
plained in Chapter X.). Price of each instrument, plain, of 
brass, 2s, 6d, to 8«., if of electrum, 4s. and 5s, Some bows 
are fitted with a needle point projecting from a small shoulder 
or flat point, these when used on a mahogany board never 
make a hole in the paper larger than a needle would, even 
when inserted up to the shoulder : but with a fir board, in 
drawing many circles from the same centre, shoulder and all 
are apt to work in and do that which the needle point was 
intended to avoid. 
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Drawing Periy which if purchased separately (and it is the 
instrament of all others that requires replacing), cannot give 
satisfactory results under a price of 2s, 6d,, those having 
the lower part of the holder of a square form, to show the 
direction of the points, heing preferable. As this instrument 
is more used than any of the others, it frequently requires 
touching up at the points. The ink foot of compasses, and 
the ink bows, also require touching up occasionally,* and 
consequently the half of ink legs should have a joint, so that 
when entirely unscrewed it can be lifted up and permit at- 
tention to the points, as well as allow of cleaning out any 
dry ink. The best thing for cleaning out such instruments 
is a common steel writing pen, with the one half broken ofif 
at the split. When a drawing pen or other ink points get 
blunt they ought to be sharpened up on a piece of common 
school slate with water, oil preventing the ink flowing freely. 

Most drawing pens unscrew in the centre, having a pricker 
fitted in the upper part or handle ; this is necessary occa- 
sionally for copying irregular figures to be made of the same 
size as the copy, by pricking the lines of the copy through 
to the new sheet below it. If not so fitted in drawing pen 
they are to be had separately, price 28. It is a common 
practice for the same purpose to put a fine needle into the 
uncut end of a pencil. 

File with Knife fitted at one end ; the former part is useful 
for touching up an instrument, and for putting a fine point 
on the pencil, and the latter for pointing pencils, or for cut- 
ting off a finished drawing. 

Sc7*ew Keys, — There ought always to be a little screw key 
or keys furnished along with compasses and bows to tighten 
or slacken them when found necessary. They should 
neither shut nor open too easily. 

Parallel Eiders. — ^The common sort formed of two parallel 
parts is better than the single bar' with a roller at each end, 

* Instrument makers charge aboat Zd, fbr setting-up a pen or ink 
joints. 
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V7hich indeed for practical engineering drawings is seldom 
used. In choosing the former it should be specially noticed 
that they have no loose play, or they would be quite useless. 
The ordinary length is 6 inches, and price in ebony, 2d, per 
linear inch. 

Drawing Pins, — A dozen or two of brass-headed drawing 
pins are always necessary for fastening down a sheet of 
either drawing or tracing paper when not to be coloured 
upon ; good ones are to be had at 4d, per dozen. 

Scales of feet with twelfths (or inches) are seldom to be 
had of useful lengths in boxes containing the other instru- 
ments* It is better to purchase them separately. See next 
chapter. 

When a great many circles are required to be drawn from 
the same centre, such centre in the paper is apt to get 
enlarged into a hole under the best conditions ; to obviate 
which, little round discs of horn about f ths of an inch 
diameter, with three fine projecting points, are to be had, 
one of which when placed above where the centre is to be, 
completely preserves the paper ; cost about 4rf. each. 

A half circular piece of horn or metal about 4 inches diameter, 
called a protractor, having degrees marked on the circum- 
ference, is useful for measuring angles, and can be either 
had in a set or separately (further reference to this instru- 
ment is made in Chapter XI.), price, ^i inches diameter, of 
horn 6d,y ivory 25. 6d.y brass 45., electrum 7s. 

Proportional compasses are seldom sold with an ordinary 
set of instruments; they are so constructed with double 
ends as to save much time and labour in reducing or en- 
larging a drawing from a copy, as in taking a measurement 
with one pair of legs the proper alteration in size is given 
by the other pair, whereas with ordinary compasses the 
method of trial and error is required. Those made with a 
shifting centre for various proportions, cost, if of 6 inch, 
brass, from 65. to ISa., plain, if of electrum, 9 inch, £2 15s. 
Wholes and halves, or bisecting compasses having a fixed 
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eentre, are exceedingly nsefal for making a drawing from a 
copy either half or double the size. Price in electmm, 20a. 

Besides the above-mentioned there are many other instru- 
ments for engineering dravmig which may be referred to 
here. They are generally to be had of the same maker. 

A borde^-ing pen, having a tongue fitted between the ordi- 
nsiry points, is useful for drawing thick lines at one operation. 
Price 68. to 6s. 

Some instrument boxes contain a double drawing pen, 
each ink end complete in itself, and so jointed that two 
lines can be drawn of any moderate width apart at one ope- 
ration. This instrument is more used, however, by civil than 
by practical engineers, being employed for detailed railway 
plans, curves in railway lines, &c. Its price varies between 
4iS. 6d. and Is. 

Spring dividers are useful for dividing the teeth of wheels, 
or for dividing into any number of equal parts, as scales of 
feet, inches, &c. Ink bows are sometimes made in the same 
way, opening of themselves when the nut of the leg is un- 
screwed, but as they are never made with a joint in the legs 
they are not so good, for the reasons given in Chapter X. 
Price of dividers, pencil, and ink, 6a. 6d. to Is. 6d. per set 
of three, electrum 10s. ; each set in a case. The same of 
electrum, with needle points, 24a., extra quality, 27a. 

Some boxes contain a little instrument called a wheel pen 
for dotting-in lines or circles, being made to fit into the 
compasses for the latter process. It is similar to a spur 
fitted between ink ends and revolving as it is drawn along, 
the ink being supplied at the back of the wheel. It is 
seldom used for practical engineering drawings, as it makes 
much coarser dots than draughtsmen generally like. Price, 
single, with sets of wheels, having dots of different patterns, 
6a. 6d. to 8a. 6d. 

Note. — Before laying aside the drawing pen and ink leg 
of compasses, &c., after using, they should be cleaned out 
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and unscrewed a little, so as to preserve the elasticity of the 
spring as much as possible.* 

For long regular or irregular curves, strips of wood called 
batons will be found essential ; these are accompanied with 
lead weights fitted on soles of wood. These batons are of 
various lengths, some are thicker at one end than at the 
other, as shown in the subjoined sections (Fig. 19), of natural 




Fig. 19. 

size, cd, some are thick in the middle and tapered oS towards 
each end. The lead weight e may be 4 or 5 inches long, 
2 inches deep, and from 1 to 2 inches broad, though the 
sizes vary. They are generally covered in with mahogany, 
the sole is notched in front lower edge as at 5, so as to keep 
the baton a, when set, in position. As the curve line has to 
pass through points already laid off, a weight like that 
described is generally placed on the baton at each point. 
These weights are also useful for holding down a sheet fiat. 
The price of six lead weights, covered in with mahogany, 
Admiralty size, and six lancewood batons, is about 60^. Small 

* Should the littla screw of pen or ink legs get lost, or overhauled 
in the thread from wear and tear, they may still be put to use by 
tying a piece of fine wire or fine string round the leg between the 
middle and points, which can be shift^ up or down to produce the 
thickness of line required ; or if the spring that opens the ink points 
loses its elasticity, or gets broken, a little piece of india-rubber or 
cork fitted in between will act very well until .refitted in a proper 
manner. 
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lead weights for the purpose of keeping a sheet of papei 
flat cost Is, 6d, plain, incased in mahogany, 8s. 6d. each. 

Much drawing cannot be done without a good straight- 
edge, 7 or 8 feet long, 2^ inches broad, and ^ of an inch thick, 
having one edge bevelled within i,^ of an inch from the lower 
edge.* The price of a 7 feet mahogany straight-edge is 
about 8^. 6d.f hardwood, 6«., steel, 81s. 

Three little triangular set squares of pear tree, or vul- 
canite, of 55°, 45°, and 80°, each of them having one right 
angle, are essential, the two former angles for projecting 
shadows, &c., and the last for drawing in six-sided figures, 
such as nuts. It is better not to have the rectangular sides 
of the former less than 4 inches long. The price of pear- 
tree set squares, if 4 inches, 4(2., 6 inches, 5d., 8 inches, Qd, ; 
Vulcanite of the same sizes, Is,, Is, 6d,y and 2s, respectively. 

As engineering is so much concerned with shipbuilding, a 
few parabolic moulds are desirable for any ship sections that 
occur in marine engineering drawings, as well as for drawing 
curved sbadowB in machinery drawings generaUy; also arcs 
of circles of large diameter will be found useful for drawing- 
in barrelled rods, and for various other curved details. The 
following representations of moulds present a series of 
curves, each set containing what it would require two or 
three of the others previously indicated to produce. These 
are given of full size, so that a similar set in thin wood can 
easily be made by pricking any of the three examples given 
through to the wood, or by first tracing them and pricking 
through the tracing on to the wood. After having delineated 
it carefully with a fine pointed pencil, the required mould cao 
be cut out with a sharp penknife, then filed and sand-papered. 
Pear or lime tree is the best material for such purposes. 
They are to be had of various patterns and sizes, and in 
sets. 

• To prove a straight-edge, draw a line along the edge, turn it over, 
or place it end for end with the edge towards the line ; if they still 
coincide it is correct. 
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In the annexed diagram each of the three moulds is 
differently lined and dotted so as to distinguish them, while 
occupying little space. Price of any pattern of the same 
sizes as in example, pear tree, 6d. each, or 5^. per dozen ; 
if of vulcanite, Is, to ds, each ; a set of 9 pear-tree long 
curves costs 7». 6^., or 15 for 12s, 6d, ; 40, Admiralty pattern, 
pear tree, in a case, S6s, ; ditto, vulcanite, 60^. 

It is hardly needful to say that the draughtsman must 
always possess a good 2 ft. rule for taking the dimensions of 
machinery to be drawn to a scale. The rule should have a 
brass slide, for the more conveniently measuring small 
orifices. Price of a boxwood slide rule variously graduated, 
frord 4iS, Qd, Also, external and internal calibers should be 
procured, and several little strips of wood for taking dis- 
tances from models. 

A good steel writing pen for printing, or for making wood 
or iron fractures, should be kept. For circles too small for 
ink bows a good steel crowguill is wanted. This should have 
as thick a holder as a writing pen, otherwise it is difficult to 
command. A pen intended for such a purpose should never 
be applied to any other. 

An ordinary magnifying glass will be found useful for 
examining the points of drawing pen, ink bows, &c., show- 
ing better what is required to them in touching them up, if 
not drawing satisfactorily. 

For ordinary mechanical drawings pencils marked HH 
are the best ; * and for rougher purposes a common pencil. 

A good 6 inch sponge, fine grained, is necessary. 

India-rubber of the common dark description, is the best 

* In handling a new pencil, there is more command oyer it when it is 
long, than when it gets cut down to about 3 or 4 inches. It is impossible 
to draw well with a short pencil. When a pencil gets inconveniently 
short it can be attached to the end of a longer piece by simply gum- 
ming a strip of writing paper about an inch broad round the joint two 
or three turns, or a crayon holder may be used; When pencils are 
cut away, imtil about an inch or so long, they should be thinned to 
fit compasses or bows, as pencils for such purposes of the proper size 
and of HH quality are seldom to be had. 
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for ordinary di'awing paper^ especially if the paper is to be 
coloured on. 

For the machine-made paper, where the pencil lines are 
more difficult to rab ont, vulcanised india-mbber is the best. 

An ink eraser may be useful for removing a blot from the 
paper, but should never be used on any surface to be 
coloured. 

Further remarks upon these subjects will be found in the 
succeeding chapters. 



a 



5SS5SSKiSSSSaiC^<>t«^^S5*i^ 



CHAPTER V. 

SOALES. 

The best and most durable scales are of ivory ; and though 
boxwood is often used, it will not stand so much tear and 
wear as the former. 

A good useful engineer's scale ought to have from ^th (and 
progressing by an eighth) up to 8 
inches to a foot. 

Scales are usually made in four 
different forms in their cross sections, 
as shown at a, b, c, and d, Fig. 20. 
They are generally a little over 1 foot 
long, and about 1^ inch broad. 

The form of edge shown at c, when 
the rule has the required scale, is 
useful for appl3mig direct to the 
drawing, especially for minute parts, 
without measuring off the distance 
by the compasses. The scale d is of 
a convenient form, having two more 
additional scales at a third edge for 
the same purpose; a is the best 
form, if required at any time as a little stmight-edge. 




Fig. 20. 
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8s. 6d,f second quality 7$* 
2s. 9d. 

2I5. to 25s. 

9s. to 10s. 6(K 

Is. 

4s. 



Price of ivory scales, best quality 

(as at ay b, c), each . . . 

Boxwood, ditto 

[vory, triangular (i), 12 inches ) 

long \ 

Ditto, 6 inches long .... 
Boxwood, ditto, 12 inches long 
Ditto, 6 inches long • . . . 

There are very good sets of single scales on pasteboard, 
and sold in cases large enough to contain all the ordinary 
useful scales. These are cheap compared with the sorts 
already referred to, and each has the scale at the edge, 
which is convenient, yet by frequently using them they get 
soiled and dirty looking, and the compasses soon begin to 
tell on the divisional lines. 

Price, 18 inches long, Is. each, or per dozen, in a case, 10s. 

There is a form of scale, not so much in use now among 
engineers as formerly, divided differently from those just 
described, and of which the subjoined diagram (Fig. 21) is a 




Fig. 91. 

representation. It is still the form of scale put on the 
drawings of ship designs. In the present example there are 
six horizontal spaces formed by parallel lines. The last foot 
at each end is divided into inches by the diagonal lines, so 
that from the vertical line at either end of scale on the 
second line to the £rst diagonal is 1 inch, and to the second 
diagonal 11 inches ; from 0, on the third line, to the first 
diagonal is 2 inches, and to the second diagonal 10 inches ; 
and so on up to 6 inches. This scale is generally made 
"double ended;" so that it is immaterial, therefore, which 
end is used. There are other modifications of this scale, 
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but the example here given will be fonnd sufficiently expla- 
natory for the rest. They are to be had of the same 
materials as those first described.* 

In civil architecture it will generally be found that the 
scale on the different orders is not feet and inches, but 
minutes and seconds (or tenths), the minute being divided 
into 10 seconds. 

A new and useful scale f for the measurement of lines has 
come into use in the offices of engineers, architects, sur- 
veyors, &o. It is called a ** Dionome,'' and gives by mere 
inspection every measure of a line from the sVth of an inch 
to 6 inches, and the price of which is only la. 



CHAPTER VI. 

COLOURS, INKS, PALETTES, AND BRUSHES. 

Colours, — ^The colours usually required for engineering 
drawings comprise Prussian blue, crimson lake, gamboge, 
burnt umber, yellow ochre, light (or Indian) red, indigo, 
flake white, and carmine. 

An engineering draughtsman, under ordinary circum- 
stances, may get on very well with these, but in colouring 
sections, &c., of steam -ships (referred to further on), 
requiring some little decorative art, other colours will be 
found necessary. 

Complete sets of colours include all the foregoing, and 
others — as sienna, sepia, &c. — which are used in civil 
architecture. Excepting the carmine, which costs lOa. per 
whole cake and 5^. per half cake, they can be had of good 
quality at \s. per whole cake. At a less price they are apt 
to be gritty, and unfit for the purpose required. 

Neutral tint for shading, when sold in cake, is frequently 

* Scales should never be used, as they too frequently are, as paper* 
cutters, which process soon serrates the edges, 
t BySpanton. 
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too chalky for engineering drawings ; it is, therefore, better 
to mix it up of the different transparent colours which com- 
pose such tint (for the component parts see Chapter XVI.)« 

Fluid colours of carmine, blue, green, &c., are to be had 
in bottles at Is. each, and are more used in drawings of ship 
designs than for engineering drawings. 

Inks, — ^Indian ink varies a great deal as to quality; indeed, 
it is difficult to get the genuine article. There are two sorts, 
one having a rough and the other a smooth exterior. The 
smooth is found generally to be the best, it shades better 
than the other, and the lines made by the smooth are not so 
apt to run in colouring over them. If the cake is of the 
best sort, the end, after rubbing when moist, should present 
a brownish hue. The cakes are sold of various sizes, and 
their quality being supposed to be equal, their price varies 
accordingly, though the shilling size is generally of better 
quality than the larger sort. A shilling cake, in constant 
ordinary use by one person, will last t'^elve months, fre- 
quently longer. 

Fluid Indian ink can be had in bottles at 2s. 6d. each, 
used for lining only, that in cake being best for the shading 
tint. 

Palettes. — ^Two sorts are necessary, one having a sloping 
recess for rubbing down Indian ink, and having three or 
more little round recesses or cups adjoining for mixing up 
tints ; and a second palette is required having three or more 
sloping recesses only, for rubbing down each colour required 
separately, either for using each by itself, or before for 
mixing up a tint. The average price is 6d, each. Little 
saucers fitting into each other, called cabinet-nests, to keep 
colour moist when not using, are to be had ; those having 
five in the set, small size, cost 1^., middle Is. Sd., large Is. 6d. 
There are also little glass tumblers made for draughtsmen 
for containing the water for shading, and having little inden- 
tations in the rim for holding the brush when not in 7i8e for 
the moment. Price about Sd. each. 
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Brashes. — In choosing colour brashes they should be 
gently drawn throngh the lips, and if on being bent against 
anything they still keep their elasticity, they may be con- 
sidered fit for use, but if they keep the heiid they should be 
rejected. They should always terminate in a point when 
moistened. 

The prices of ordinary brushes vary very much at different 
shops. For all ordinary drawings there should be three 
sizes, and in pairs, those on each end of holder being 
similar. 

Prices: — * 

2 — \ inch long, sable, per pair, and holder Id. 
2 — \ ditto ditto ditto Is. id. 

2— i ditto ditto ditto 2s. 6d. 

Sable is preferable to camel hair, as it retains its elasticity 
for a longer period. The cost of the latter is about two- 
thirds less. 

The holder should be about 5 inches long — ^the brush at 
one end being used for the tint, and that on the opposite 
end for water. 

Brushes of a larger size may be sometimes found neces- 
sary for large washes of tint. When selecting such, the 
ones fitted in sheet iron, instead of quill, are preferable, and 
will stind rough work longer. 

Prices : — 

Camel hair, 1^ inch long and f inch diameter, 

with holder, about Is, each« 

Camel hair, 1 inch long and i inch diameter, 

with holder, about 6ci. „ 

Sable, 1^ inch long and i inch diameter, with 

holder, about . . 7i. 6d. „ 
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CHAPTER VII. 

DRAWING AND TRACING PAPERS, ETO. 

Drawing Paper, — The paper most commonly nsed for 
practical engineering drawings is double elephant. Of this 
there are two sorts — trough and smooth. The latter will be 
found the best for shading. Antiquarian is a larger sized 
sheet, and generally has a good surface to draw upon ; and 
so has atlas paper ; but neither are half so much used as 
the elephant. Machine-made or what is called cartridge 
drawing paper, has not so good a surface as any of the 
above, neither is it so white, its principal recommendation 
being found in its dimensions, it being procurable in rolls 
any reasonable length. It has a rough and a smooth side, 
the latter being the proper side to draw upon. It is fre- 
quently used for shipbuilding drawings, the other papers 
being too short in most cases ; it is also used for large 
illustrations for lectures. 

The following table gives the names, with their sizes, and 
prices per single sheet, of the several kinds of drawing 
paper in general use. In purchasing a quantity, the price 
would, of course, be proportionally less : — 



Name of Paper. 


Length in 
inches. 


Breadth in 
incheB. 


Price. 


Cartridge (thin car- 
toon) 
Do. (thick) 
Drawing Cartridge 
Antiquarian 
Double Elephant 
Cohimbier 
Atlas 
Imperial 
Elephant 


Continu- 
ous 
Do. 
54 
53 
40 
35 
34 
30 
28 


57 

52 

27 

30 

27 

23^ 

26 

21 

23 


6d. per yard, or 25 

yards 7*. id. 
lid. per yard, best U. id, 
Sd, per sheet. 
3*. „ 
Sd. to 9d. „ 

Hd, 
4rf. 



The prices in different shops vary a little, and the sizes 
of those bearing the same name will sometimes be found to 
differ a little from the above. 
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Drawing paper, ready mounted on cloth :— • 
Price per yard, 64 inches wide, 58 

Tracing Paper. — Tracing paper is sold of many sizes, and 
of as many prices, seldom two shops heing alike in this 
respect ; but the following will be found about the average 
prices for the sizes given : — 

40 inches by 80 inches, 6d. per sheet. 
80 „ 20 „ dd. „ 
24 yards, continuous, 42 inches wide, ordinary, from 7«. 

to ds. 

Extra stout, IQs, 

Home-made tracing paper is much less expensive than . 
that purchased at the shops. Common silk (or tissue) paper 
can be had at something less than a halfpenny per sheet, oi 
the ordinary size, when purchased in quantities. To pre- 
pare it, mix a proportion of 1 of boiled linseed oil to 5 of 
turpentine in a cup. Put a single sheet of the paper at a 
time on an inverted tea tray, large enough to allow, at 
least, the half of sheet to lie flat. The mixture should 
then be put on with a small sponge, one coating only, and 
that not too thickly ; each sheet after such process should 
be hung over a string stretched across the room, and when 
all the clear oily marks entirely disappear it will be ready 
for use. 

Tracing Cloth, — Tracing cloth, 88 inches wide, costs about 
Is, 6d, per yard. 

Best continuous, 28 inches wide, 80^. per 21 yards. 



CHAPTER Vm. 

PREPARATION FOR. DRAWING ON BOARDS. 

To draw easily, and accurately, the paper must be stretched 
tight on the board ; in other words, it must be quite flat. 
If the paper is not stretched quite tight, the process of 
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colouring wonld canse the paper to buckle up where mois- 
tened, and it would not lie fiat again when dry. To get 
the sheet satisfactorily tight, it must be first expanded by> 
damping it all over with a sponge and clean water, putting 
weights on each corner of the paper to keep it in as fiat a 
position as possible during the process. It is better not to 
place the paper on the board to which it is to be gummed, 
as the very pla^e which is required to be kept dry for the 
joint would be apt to get wetted; any other flat horizontal 
surface will suit for the purpose. It was formerly the 
custom, far more than now, to take the right side of the 
paper for drawing on, supposed to be that in which the 
name of the maker of the paper in the watermark can be 
read off. In the case of the paper most in use, both sides 
will be found so nearly alike as to render the difierence, if 
any, of no practical importance. If any sheet has really a 
better looking or smoother side than another, the smoothest 
side is generally the best for drawing on. 

As the less the surface of paper is sponged the better, the 
side not to be drawn on should be equally sponged all over 
with a sponge nearly dry, and all tiny pools of water lying 
in the hollows of the surface carefully removed. When the 
clear watery surface begins to look dry, or rough, repeat the 
process a second time, allowing the water to sink in, as 
before. As long as clear water lies on the surface, the 
paper may go on expanding during the process of fixing 
down the sheet, and much trouble may follow from the 
edges not lying fiat, under which circumstances the only 
remedy is to take up the sheet where fixed, and let it rest a 
little. After the water from the second sponging has sunk 
in sufficiently, it is time to turn over the paper, having the 
drier or proper surface for drawing on uppermost, and while 
thus damp the edge must be fixed down firmly all round, 
either with hot or cold glue, or thick office gum.* K an 

* Fluid gum is the quickest adhesive with which to put down a 
sheet, though cold glue is perhaps the cleanest. Hot glue, though it 
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ordinary sheets and having a long way, the long sides should 
be fixed down before the ends ; a square, or straight-edge, 
should be placed fths of an inch inwards from edge of paper, 
and weights upon it to keep it firm, and the edge of the 
paper turned up against it. If cold glue is to be used, it 
should be a piece about 8 inches long and straight on the 
rubbing edge, and moistened with cold or hot water (the 
latter being preferable), then rubbed against the tumed-up 
edge of the paper and the board, when it will becomo 
adhesive. The edge of the paper should next be turned 
down and rubbed hard with the rounded end of a penknife 
or a piece of hard wood for the purpose, always through a 
strip of drawing paper about 6 inches long. In putting on 
a sheet with fluid gum, both tho board and edge of paper 
should be gummed; a joint either of gum or hot glue 
seldom requires rubbing down, as in the cold glue process, 
unless the edge should rise here and there. 

After the four sides have been put down, it is a safe pre- 
caution to put a brass-headed pin in each comer, and a few 
along the sides and ends. These assist in preventing the 
joint from giving way. If the sheet contracts quicker than 
the joint dries, a slight sponging over the surface of the 
sheet, keeping an inch clear of the sides, is also a safeguard. 

In putting on a largo sheet, which is apt to get too dry 
before the sides are all fixed down, a damp piece of calico, 
or similar fabric, is the best thing to lay on it, always keep- 
ing it clear of the edge of the sheet, the paper is thus kept 
expanded until the joint is dry all round. The paper, on 
removing the cloth, then contracts, and becomes perfectly 
tight for drawing on. 

generally performs its work well, is messi/, and as such, not to be 
recommended. The fluid gum sold in bottles is generaUy too thin for 
tuch purposes ; the proper proportion should be equal gum with equal 
water, and it should be kept ready for use in a phial having a wide 
neck, closed by a cork with a little hole in the top of it in which to 
place the hrush when not in use. The brush should be a hard one, 
about half inch loog, and kept entirely for the purpose. 
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In putting down a very long sheet, snch as for ship draw* 
ings, instead of fixing down the long sides first, as in ordi* 
naiy sized sheets, it is easier to fasten down the ends first, 
as otherwise when such a length of sheet begins to contract, 
the sides would give a good deal of trouble. When the 
ends are put down they should be well pinned ; then in 
each of the long sides, 8 or 9 inches of the edge in the 
middle of length, should be turned up, having made a little 
incision at each end of the little length previously, such 
length should be gummed, or glued, and pinned down ; in- 
termediate spaces should be opened up and treated similarly. 
The process should be repeated until both sides are fully 
fixed down. When the paper has become quite dry, the 
pins must be removed, so as to allow the square to do its 
work. 

Sometimes in putting on a sheet with assistance, when it 
is damped and ready for turning over on the board, the 
edges might have the gum or fiuid glue first put on, and, 
with a person at each end, it can be turned over easily on to 
its board and rubbed down, granting the gum or glue has 
not dried too quickly on a very large sheet. Or the paper 
may be fixed to the board without assistance, by placing the 
board as nearly vertical as it will stand against the wall or 
other firm object, and taking the sheet so prepared and 
hanging it on the board in the same way as in papering the 
wall of a room, immediately after which it should be placed 
horizontally. A board with a newly-stretched sheet should 
never be placed against the wall, or in any upright position 
to dry, as the moisture in the paper is apt to sink gradually 
down, and by the upper joint drying, and the paper con- 
tracting and pulling it upwards at the same time, the lower 
joint gets loosened. Neither should a board with, or with- 
out, a sheet on it be placed at anytime against a wall whose 
dryness is doubtful, for where there is the least damp the 
board runs the risk of being warped, and if any sheet 
t^tretched upon it, would be destroyed by getting cloudy ; 
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and if it has anything drawn on it so much the worse. A 
newly-stretched sheet shonld never be held to the fire to 
dry, as the edge joint is likely to be pulled up before it is 
sufficiently dry. It should be allowed always to dry natu- 
rally in a horizontal position. 

A frame fitting over a board, as described in Chapter n., 
Fig. 1, without any adhesive, is seldom or never resorted to 
now for practical engineering drawings. 

Long cartridge paper has a surface that does not suit 
well for some large drawings, when it is better to join 
the smaller sized sheets of superior surface. This can be 
done very neatly by thinning the edges to be joined by 
fine sand or glass paper, held tightly by the band (or 
glued) around a flat piece of wood about 6 inches long, 
2 inches broad, and i inch thick. The edges of the paper, 
which are to be joined, should be cut quite straight, after 
which each sheet should be placed separately, with the cut 
edge close to the edge of the table or a drawing board, and 
a straight-edged piece of wood, against which to bear in 
using the sand paper, placed above the paper about fths of 
an inch, or the breadth of what is to be the joint, inwards 
from the edge of paper, and held firmly by weights. The 
projecting fths of the pap^, beyond the straight-edge, 
should then be rubbed with the sand-paper till it is quite 
thin at the outer edge ; the same process should be repeated 
to the end of the other sheet, taking care previously that 
the corresponding surfaces to be drawn upon will be together 
when joined. Each edge of paper, so rubbed, should have 
a thin coating of gum. Having placed the sheets so that 
the joint will be somewhere on the middle of any flat sur- 
face, such as a table or a drawing board, a slip of drawing 
paper, at least li inches broad, should then be placed over 
the joint, and well rubbed on the top with the rounded end 
gf a penknife ; never in any case should the intervening 
slip of paper be omitted. If the paper thus joined is not 
afterwards to be damped for stretehing, a strip of smooth 

o2 
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wood, or a straight-edge, with a few weights, shonld be laid 
on the joint, causing it to dry flat. If, however, the paper 
has to be stretched on a board, it shonld be done while the 
joint is still damp. The joint shonld be carefully avoided 
in sponging the paper. When the paper is gummed round 
the edge, and put down in the ordinary way, a brass pin 
should be placed in each end of the joining of paper, 
and three or four on each side of it, about 1 inch apart in 
the common margin. A sheet formed thus, in two parts, 
should never have any drawing on it sponged, in the way - 
referred to in Chapter XVI., or the joining ends would run 
the risk of being separated during«contraction. 

On any unstretched sheet of drawing paper finer ink lines 
are more easily drawn, the fibre of the paper not being 
separated by expansion. When a small unstretched sheet, 
kept in roll, is to be drawn upon, it will always be. found to 
lie better to the board by keeping the hollow, or concave 
side, uppermost. The comers should be stuck down with a 
little gum, rather than pins, as the latter are apt to interfere 
with the free action of the T-square ; but when for colour- 
ing, however small the sheet, it must be stretched and 
gummed down all round, for the reason already stated. 

A damp sheet should never be covered up with brown 
paper, or the like, as such coverings are apt to leave a 
cloudy mark. 

When the sheet is quite dry, white paper is the best 
covering, particulars regarding which are noticed at the end 
of next chapter. 

Should there be at any time two drawings, one on each 
side of a board, one of them not being required for a time, 
and the other worked at, a sheet of paper should be put 
above the former, and gummed down all round at the edge, 
and a brass pin put in each comer, so as to keep the under 
surface from being chafed by the table, which it certainly 
otherwise would be after being handled abou' 
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CHAPTER IX. 

STBETOHING FBAME. 

If a drawing has to be made in a highly-finislied style for 
framing, it is better to first attach the paper to the cloth 
already fastened to the plain stretcher, which has to be 
placed in the proper frame, otherwise colours and shade 
lines are apt to ran and blot, besides running the risk of the 
drawing not drying on the cloth quite fair and square. 
Especially is this advice necessary to the draughtsman who 
has not been accustomed to mount his own drawings. A 
stretching-frame should be strong enough to resist the ten- 
sion of the paper when dry, and for any length above 18 
inches should have a bar or bars across. The inner top sides 
of stretchers should be slightly rounded over, as shown in the 
subjoined cross section (Fig. 22) ; if these comers were left 
square they would be apt to show a soiled mark on the paper 
by the time a drawing was finished. A large frame, 6 or 8 feet 



Fig. 22. 

long, should have two cross bars, dividing the length of 
frame into three equal parts, and of such thickness as when 
let in flush at the back the top sides only come up to the 
rounding of the sides, as shown ; and they should be let 
into the sides only about one-third across, so as not to 
weaken them. The sides and ends of a stretcher 8 or 9 
feet long, and 2 feet across, should be 4 inches by Jths of an 
inch. The frame being ready, linen or calico— the former 
being preferable — should be procured as white as it can be 
had, and it should be spread out on a table or other flat 
surface, and, the face side of stretcher being laid next to it, 
the edges of the cloth should be pulled over and nailed to 
the back ; the ends first, then the middles of the sides, and 
in every intermediate space until the tacks are only about 4 
ijiches apart, taking care always to pull it tight in putting in 
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any tack when opposite to another. If the edge is folded 
for the tacking, the two thicknesses will tend to hold the 
tacking hetter than if single. The paper to be stretched 
should be laid flat on a surface covered by a clean table* 
cloth, the side of paper to be drawn on of course being 
under. Sponge the paper with clean water, and let it dry 
in a little ; and then with cold flour paste, free from knots 
and gritty matter, applied with a flat brush (whitewash one 
if the sheet is large), give the paper one or two good coats ; 
place the frame with the cloth on the paper, and rub the 
back of the cloth well ; turn it over and rub down the edges, 
which should be in a little from outer edge of frame. If 
any little blisters should arise from the paste not having 
been sufficiently cold, they should be pricked with a fine 
needle, and the paper rubbed down. When paper thus 
stretched on cloth is quite dry, it will be found nearly as 
stiff to draw on as a drawing-board. As the cloth at tiie 
edge of the frame will not present a good edge for the 
accurate working of the T-square, a strip of parallel wood, 
rectangular in section, and equal to the thickness of the 
frame, should be nailed on temporarily. 

In making a drawing, mounted as described on a frame, 
the horizontal lines have to be worked as in long drawings 
on boards, by measuring up in two places in the length from 
the bottom, and applying a straight-edge. A long T-square, 
however accurate in itself, and however square the ends of 
boards or frames may be to the sides, would be rendered 
inaccurate by the least particle of grit, the end of the blade 
seriously so. It may be as well to mention here, that in 
shading and colouring a stretched drawing on a frame it is 
better to lean the hand on a thin broad straight-edge, or 
clean strip of plank long enough to reach over the ends of 
frame, and which will prevent the hand indenting the 
paper. 

In covering up a drawing in progress, either on boards or 
stretchers, when not actually working at it, brown paper or 
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newspapers should never be used for the pnrpose — the for- 
mer being greasy or tarry, and the latter apt to soil from the 
printed matter. Clean white paper is the best, and can be 
had of large size for such purposes, or several sheets can be 
pasted together. The best way for preserving a drawing 
when likely to be indefinitely prolonged, is to gum all round 
the edge of the cover, after the principal centre lines have 
been drawn in, and cut a door in it suitable to the size of 
the piece of drawing that is being worked at, and, when put 
aside, another whole sheet should be pinned all round the 
edge on the top of the other. A drawing cannot be kept 
too clean. 

Drawing paper, when purchased ready mounted on clolh, 
is useful for various kinds of drawings, but more frequently 
for those of civil than mechanical engineers. It is never 
damped and stretched for drawing on, and rarely buckles up 
in being coloured. For any drawing to be afterwards 
framed, those whose business it is can put it on a stretching 
frame quite tightly, without at all injuring it* 



CHAPTER X. 

COMMENCING A DBAWING. 

Drawing is the art of representing objects on a plane surface 
in such a manner that the delineation shall perfectly accord 
with the natural appearance of those objects. It is also the 
laying down the outlines of any object tastefully and cor- 
rectly ; and the process depends chiefly on the dexterous use 
of the various instruments employed, and upon preserving a 
strict proportion of details, so that the whole and all the 
parts may agree with the scale on which the drawing is 
constructed. 

It is usual to stand when drawing, especially in making ] 
large drawings. In making small drawings, however, sitting 
may do well enough, as they can be conveniently worked at. 
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Having seen tbai the dra^ring-paper is properly stretched 
on the board, quite dry, and free from blemish, and, the 
board and square having been proved correct, a good flat 
point most be pat on the HH pencil by a sharp penknife. 
Though a round point is preferable for filling in any little 
circular work, a flat point will do more straight work with- 
out repairing. The wood should be cut away as far back 
as fths of an inch from the end. In using the penknife for 
this purpose, it will be found less liable to break the lead if 
the blade of the knife is held at an angle than if square 
across; the point can be trimmed up either on a small 
smooth file, or on fine sand (or glass) paper. The point of 
the pencil must not be so fine as to break off, and should be 
kept sharp by a little application of the sand-paper. 

A pencil should never be wetted, as afterwards it would be 
impossible to rub out ; besides, it is quite unnecessary. 

Before using the T-square for the day, it should be wiped 
free from dust with the cloth kept for such purposes. 

In using a square which has a shifting stock for lines to 
be parallel to the board, care must always be taken that it 
is not the shifting part of the stock that bears against the 
board, instead of the fixed side ; the screw nut of such stock 
should always be uppermost. 

For drawing horizontal lines the square must be kept firm 
with the left hand against the left edge of the drawing-board, 
and never, by any means, on the right side ; and for drawing 
vertical lines the square must be kept firm, with the left 
hand, against the bottom edge of the board, and never 
against the top edge. 

The lines should always be drawn along the front edge of 
the square, and never along the edge at the back, and 
always on the same side of the blade, even though the stock 
is not a shifting one. • For the same drawing the same square 
should always be used. 

The little triangles of thin wood (referred to in Chapter 
lY.), having one angle rectangular, when placed against the 



HHYTS ON GEOMETRY. 83 

T-sqnare, are useful for drawing any series of lines at right 
angles to the T-square, or parallel to each other ; hut, unless 
for a series of lines, it is more trouhle adjusting the square 
in its position across the hoard than shiftmg the T-square 
itself. 

Having previously laid off, just visibly, the point through 
which the line is to be drawn, and placed the T-square in 
position, the top of the pencil should incline a little out- 
wards, so as to permit the point to move close to the lower 
edge of the square ; the top of the pencil should also in- 
cline a little towards the right. The line should invariably 
be drawn from the left to the right. 

In making circles with pencil compasses (supposing them 
of the description recommended in Chapter IV., with a joint 
in each leg), the lower portions of each leg should be kept 
nearly vertical, other^vise the central point wiU make a large 
hole in the paper, which ought always to be avoided. If 
the circle is to be a small one, the central leg should be kept 
a little longer than the pencil one : for in most cases it will 
go a little way into the paper. A good small circle can 
never be drawn if the centre leg is the shortest. In drawing 
a circle, the bows (or compasses) should be held by the top, 
and kept in as upright a position as circumstances will 
admit of. 

Before entering into the subject of copying by the pencil 
from an original drawing, &c,f it is requisite to give, in a 
concise way, a few hints in geometry, the uses of which are 
continually recurring in mechanical drawing. 



CHAPTER XL 

HINTS ON GEOMSTBT. 

Geometbt is the science which treats of the properties and 
relations of magnitudes. 

Th^se magnitudes are either solids, surfaces, or lines. 

c3 
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Solids have length, breadth, and thickness. 

A surface is the face of a solid, and has only length and 
breadth. 

A line has only length, without either breadth or thick- 
ness, and may be called the boundary of a surface, 

A p(»nt has neither length, breadth, nor thickness — ^it has 
simply position ; and in the crossing of two lines there is 
the point of intersection — ^it has only position.* 

Ldnes, — ^Lines are either straight or curved. 

A mixed line is composed of curves and straight lines 
(Fig. 23). 



Fig. 28. Fig. 21 

Parallel straight lines are those which are equally distant 
from each other at every part, and however far they may be 
produced at either end can never meet (Fig. 24). 



Fig.26. Figae. 

A horizontal line is a line parallel to the horizon (Fig. 
25). 
A vertical line is a line upright from the horizon (Fig. 26). 

* In attempting to represent lines and points on the surfEice of 
paper by means of drawing instruments, the representations can neyer 
more tlmn approximate to the things intended to be shown. For the 
finest line that can be drawn will have aomtf l»readth ; and, indeed, if 
it had no breadth it coiild not be visible. In the same way, a point 
may be represented by a very minute dot on the sur&oe ; still, as it 
covers wmt sur&ce, it is not a geomekical point. 
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Angles. — ^An angle is the amonnt of opening between two 
lines which meet. It will be understood that the lengths of 




Fig. 27. 



Fig. 28. 



the lines have nothing to do with the size of the angle : 
thus, these two angles (Figs. 27 and 28) are said to be equal. 

If the lines are both straight, it is called a rectilineal 
angle ; if both curved, a curvilineal angle. The lines are 
the sides of the angle ; the point of meeting is the vertex of 
the angle. 

Right Angle. — ^When one straight line stands upon another, 
so as to make the two angles equal, each of these angles is 
called a right angle (Fig. 29) ; and one line is said to be 
perpendicular to the other. A line which is not perpen- 
dicular to another is oblique to it. 

Acute Angle y less than a right angle (Fig. 80). 

Obtuse Angle, greater than a right angle (Fig. 81). 



«■ 




Fig. 29. 



Fig. 30. 



Fig. 31. 



Surfaces. — Surfaces are either curved or flat. Flat sui*faces 
are called planes. Curved surfaces may be called deflected. 
The hollow side is called concave ; the other convex. 

Tnangles. — ^The three angles of any triangle added together 
are equal to two right angles. 

Any side may be called the base. 

Triangles are denominated according to the magnitude of 
their angles. 
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A nght-angled triangle^ having one right angle (Fig. 82). The 
side opposite which is called the h3rpothenuse ; the other 
sides are, indiscriminately, one of them the base, and the 
other the perpendicular. 

An cunUe-angled triangle, having its three angles acute 
(Fig. 88). 

An obtuse-angled triangle ^ having an obtuse angle (Fig. 84). 






Fig. 82. 



Fig. 83. 



Fig. 84. 



Triangles are also divided according to their sides. 

An equilateral triangle^ having three sides which are equal 
/Fig. 85). 

An isosceles triangle, having two sides which are equal 
(Fig. 86). 

A scalene triangle, having all three sides unequal (Fig. 87)« 






Fig. as. 



Fig. 86. 



Fig. 87. 



Quadrilaterals. — ^A quadrilateral figure is that which is 
bounded by four lines. 
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When the opposite sides are parallel^ it is called a 
parallelogram (Fig. 88). 

When a parallelogram has right angles, it is called a 
rectangle (Fig. 89). 




Fig. $8. 



Fig. 99. 



Fig. 40. 



Square, having four right angles and four equal sides 
(Fig. 40). 

RJiombus, or lozenge, having its sides equal, and only its 
opposite angles equal (Fig. 41). 





Fig. 41. 



Fig. 12. 



Fig. 48. 



Rhomboid, having its sides parallel, and only its opposite 
sides equal (Fig. 42). 

Trapezium, having neither pau: of its sides parallel (Fig. 
43). 



\ 



A 



Fig. 44. 



Fig. 45. 



Trapezoid, having two sides parallel (Fig, 44). 
Bight-angled trapezoid, having two right angles (Fig. 46). 



38 



HINTS ON GE03iETRY. 



Isosceles trapezoid^ having two opposite sides equal (Fig, 
46). 





Fig. 48. 



"-^ '^ 

Fig. 47. 



Figures on planes and of more than four sides are called 
polygons. 





ng.48. 



Fig.40i 



When the sides and angles of a polygon are equal, it is a 
regular polygon ; when they are otherwise, it is an irregular 
polygon. 





Fig. 50. 



Fig. 51. 



Pentagon^ five sides and five angles equal (Fig. 47). 
Hexagon^ six sides (Fig. 48). 
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Heptagon^ seven sides (Fig. 49). 

Octagon, eight sides (Fig. 50). 

Nonagon, w EnneagaUt nine sides (Fig. 61). 





Fig. £3. 



Fig.n. 



Decagon, ten sides (Fig. 52). 
Undecagon, eleven sides (Fig. 58). 
Duodecagon, twelve sides (Fig. 54). 
Diagonal. — ^A line joining the vertices of two angles of a 
ggnre not a^'acont (Fig. 55). 





Fig. 54. 



Fig. 55. 



Circles. — Circumference, a curve line of which the 
points are equally distant from a point or common centre. 
The drcle is the area hounded hy the circumference (Fig. 
56). 

Diameter, a line passing through the centre and terminated 
both ways by the circumference (Fig. 57) (the proportion of 
diameter to circumference is as 1 to 8*14). 

The portion of the circle cut off by the diameter is a semi- 
circle. 
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Radius, a line drawn from the centre to the circumference ; 
cqiial to half a diameter. All the radii are obviously equal 
(Fig. 58). 





Fig. 56. 



Fig.W. 



Arcy a- part of the circumference (Fig. 59). 
Chord, a line joining two points of a circumference, or the 
extremities of an arc (Fig. 60). 





Fig. 58. 



Fig.5». 



Segment, part of a circle cut off by a chord (Fig, 61). 





Fi'i^.eOi 



Fig. 61, 



Sector^ space out oflf by two radii (Fig. 62). 
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Inscribed Ihie, a line terminated both ways by the eircum- 
ference (Fig. 63). 





Fig. 03. Fig. 63. 

Inscribed angle, the snmmit at the circnmference, and the 
sides consisting of two chords (Fig. 64). 

Inscribed triangle, the summits of the three angles at the 
circumference (Fig. 65). 





Fig. 64. 



Fig. 65. 



Tangent, touching the circle without cutting it, meeting 
only at one point, called the point of contact (Fig. 66). 





Fig. 66. Fig. 67 

Secant, a line drawn from the centre through the ex- 
tremity of an arc to meet the tangent drawn from the othex 
extremity, as the dotted line (Fig. 67). 
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Concentric Unes^ having the same centre, and therefore 
parallel (Fig. 68). 
Eccentric lines, having different centres (Fig. 69)« 





Fig. 68. 



Fig. 60. 



Ordinate, a straight line drawn from any point of a curve 
perpendicular to the diameter, as the dotted lines (Fig. 70). 

Abciss, the part of the diameter cut off by the ordinate 
(Fig. 71). 





Fig. 70. Fig. 71. 

Spiral, starting from a centre and removing from it 
gradually (Fig. 72). 





# 
I 

V 



Fig. 72. 







Fig. 73. 



Helios, turning on a cylinder, and uniformly advancing 
lengthwise (Fig. 78). 
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Tangent tirelet (F^. 74). 
Cirewnteribed polygon (Fig. 76). 

EUipu (Fig. 76). The longeat diameter is called tba 
Hitgor axit, and the Bliortest duunetet the minor axit. 




Fig. J». Kg.m Fis.'a. 

' Solids (regular). — Of solidB there are a great variety. As 
planes are bonuded by lines, and derive their names from 
the character and disposition of these lines, so solids are 
bounded by surfaces either plane or cnrve, and derive their 
titles there&om. Begalar solids, bounded exclusively by 
planes, cannot have fewer than four sides. 

Tetrahedron, having the faces composed of four equilateral 
triangles (Fig. 77). 

Hexahedron, having six faces eqoal squares (Fig. 78). 




Pig. 77. Eig. IB. Kg. T», 

Octahedron,hB.ifmg eight faces equilateral triangles (Fig. 70). 
Poiiecafterfroit.havingtwelvofaceseqnal pentagons (Fig. 80). 
Icosahedron, having twenty faces equilateral triangles (Fig. 
Bl). 

Triangular prUm, having three sides in the base (Fig. 82). 
Quadrangular prism, having four sides in the base (Fig. B0)> 
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Truncated pritm, the remainder of a prism whicU has been 
cut obliquely (Fig. 84). 



Pig. B9. rig. 81. Fig. 83. 

Hexagonal prUm, having six sides in the base (Fig. 85). 
Triangular pyramid, having three sides in the base and 
terminating in a point (Fig. 86). 



rig. ss. Fig. St  Fig. 80. 

Qaadragular pyramid, having a qnadrilateral for the base 
(Kg. 87). 



ng.Be. Fig. 87. Fig. 88. 

Hexoijonal pyramid, having a hesagon for the bane (Fig. 8 
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Cylinder, generated by the motion of a circle parallel to 
itself, and at right angles to its own plane (Fig. S9}. 

Cone, hsLving a circle for its base, and terminated by a 
point (Fig. 90). 

Inclined pyramid (Fig. 91). 



Fig. 89. Tiff. 90. Fig. 91. 

Inclined cylinder (Fig. 92); 

Sphere, the curve surface of which is nt all poiata eqnally 
distant &om the centre (Fig. 98). 

Spheroid, or elongated sphere, something like an ellipse 
in its side elevation (Fig. Si). 



Degrees. — Angles are deseribed as of so many degrees. 
It is osQal to divide the cii'cumferenoe of a circle into 860 
equal parts, called degrees; these again ai-e divided into 
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mmuleg, and the latter into seconds ; and known by the fol« 
lowing signs : — ^Degrees, ° ; minutes, ' ; seconds, *. 

The fourth of a circle, as shown in diagram (Fig. 96), is 
an angle of 90*^. The lines a b and o d are at right angles, 
A B being perpendicular to o d. When the radii are thus at 
right angles, the sector is called a quadrant. 




Fig. 90. 



Fig. 97 



The eighth of a circle (Fig. 96) is an angle of 45^, as a b o, 
and it is also shown (Fig, 97) as the angles formed by a line 
drawn through to the opposite (but not adjacent) angles of a 
square, and is called its diagonal, e, f, g, h, have each an 
angle of 46*^. 

A little half-circular instru- 
ment, called a protractor (Fig. 
98) (referred to in Chapter IV.), 
is useful for setting off any re- 
quired angle, having the de- 
grees marked aU round the edge, 
the centre, a, of the instrument, 
^•®^* being placed on the point on 

base line to which the other line forming the angle is to 
be drawn. It is also useful for measuring the degrees of 
any angle. 

Another mode of drawing a line at any required angle to 
another line, is by using the scale of chords (and which will 
be found on most scales supplied with instruments). Let a b 
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(I^g. 99) be the line. It is rer^uired to draw another line 

from the point a at an angle, 

say of 85^, to the line a h. 

From the point a, as a radius, 

take the distance cdways of 60° ^/^ \ 

from the scale of chords, and ^/^ \ 

describe the arc c d; then 

take the distance 85° for the <^ 

required angle from the scale of 

chords, and set it off from the point e on the arc c d^ at ^, 

and draw the line ae; eac will be the required angle. In 

measuring an angle the same process can be applied. 



Fig. 99, 



\ 
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Fig. 100. 



To bisect (or divide into two 
equal parts) a given straight line 
by 'a line dravm perpendicular to 
it* Al 

Let A B (Fig. 100) be the given 
straight line. 1. Set one foot of 
the compasses on the extremity a, 
as a centre ; and with any con- 
Tenient radius that is evidently 
greater than half the line, describe the arc on; similarly 
from the point b, as a centre, describe another arc with the 
Bame radius, cutting the first one at the points o and d. 

2. Through the points of intersection o and d draw a 
straight line oed, this line will divide the given line ab 
into two equal parts, a e, e b, at the point e, and will also 
be a perpendicular to the line. It is not necessary in prac- 
tice to draw the complete arcs. An experienced eye can 
readily anticipate the points of intersection of the arcs 
within small limits. Neither is it necessary to do more 
than apply a straight-edge to these points of intersection, 

* In presenting methods of performing geometrical operations, the 
T-square, parallel rulers, &c., will, where applicable, assist considor- 
ably on many occasions in simplifjang the solution of the problems, 
and with an aoouracy generally quite sufficient for practical purposes. 
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and tick the point e, nnless, indeed, the perpendienlar itself 
be wanted, which is often the case. 

The same process serves for the bisection of a circnlar 
arc ; for, supposing a b to be the chord of the arc, the per- 
pendicular which bisects the chord will also bisect the arc. 



'H 



Ah 



( 



\ 



C 

Fig. lOL 
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To draw a perpendicular to a given straight line from a 
given point in that line. 

FmsT, When the point is near the middle of the line. 

1. Let A B, Fig. 101, be the 
line, and c the point near the 
middle from which the perpen- 
dicular is to be drawn. On o 
as a centre, with any convenient 
radius, set off equal parts, cd 
and E, on the line a b. 
2. On D and e as centres, with a greater radius, de- 
scribe equal arcs intersecting at f, and, if wanted, on the 
other side of the line also. 

8. Draw the line f c — ^it will be a perpendicular to the 
line A B at the given point o. 

Second, When the point is at or near one extremity of 
the line. 

1. Take any convenient point o, 

Fig. 102, obviously within the perpen- 

j dicular to be drawn from the given 

/ point B, place one foot of compasses 

/ on 0, and extending the other to b, 

describe a circle a b d cutting the 

line A B at A. 



Fig. lOS. 

2. Set a straight-edge to the points a and o, and draw a 
line cutting the circle at d. 

8. Draw db, which will be the perpendicular required. 

Another method : — 1. From the given point b set off on 
the given line a distance such as b a, equal to three of any 
units of measure, as 8 inches or 8 feet. 
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2. From b as a centre, with a radius of fonr of the same 
parts, describe an arc supposed to pass through d. 

8. From a as a centre, with a radius of five parts, 
describe an arc cutting the other arc at d. 

4. Draw d b for the perpendicular required. 

This last method of solving the problem can be easily 
applied on a large scale for laying down perpendiculars on 
the ground. The numbers 8, 4, and 5 are, it is to be ob- 
served, taken to measure respectively the base, the per- 
pendicular, and the hypotenuse of the right-angled triangle 
ABD. Any multiples of these numbers maybe used with 
equal propriety, when convenient ; as 6, 8, and 10, or 9, 12, 
and 15, whether inches, feet, or any other units of length. 

To draw a perpendicular to a ffiveii lifie from a given point 
without the line. 

First, When the point is conveniently near the middle of 
the line. 

1. Let A B, Fig. 108, be the 
line, and o the point without 
it. On c as a centre, with a 
convenient radius, describe an 
arc cutting the line a b at the A.  ^i,^ 
points D E. 

2. On the points d e as cen- 
tres, and with equal radii, \ 
describe the arcs intersecting 
at P. ^- '^ 

8. Set a straight-edge to the points c and f, and draw a 
straight line from o to the line a b. This will be the per- 
pendicular required. 

If there be no room below the line ab the intersec- 
tions F may be taken above, that is between the point 
and the line. This mode is not, however, so good as 
the one already described, because it is not likely to be so 
exact. * 
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Seoomd, When the point is near the end of the line. 

1. Let D, Fig. 104, he the given 
point, and ab the straight line. 
From D draw any straight line, da, 
meeting a b at a. 

2. Bisect AD at 0, and on c as a 
centre, with oa as a radius, de- 
scribe an arc cutting a b at b. 

8. Draw d b for the perpendicular 



/ 



)^ 



/ 



\ 

I 
I 
I 



B 



^^, ^-' 

Fig. 104. 

required. 
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To describe a square on a given straight line* 
1. Let a b, Fig. 105, be the straight line, or the base of the 

proposed square. Draw ao and bd 
perpendicular to the base, from its 
extremities, and make each of them 
equal to ab. 

2. Draw the line on; this will 
complete the square a b c d on the 
Kg. 106. line AB. 

To draw a line parallel to a given line, 

FiBST, To draw the parallel at a given distance, 

1. Let AB, Fig. 106, be the given line. Open the legs of 

the compasses to the required 
distance, and from any two 

points and d (the farther apart 

A. — 1 rt" ^ B the better) describe two circular 

Fig. 106. arcs on the side towards which 

the parallel is to be drawn. 

2. Apply a straight-edge tangentially to the arcs at e and f, 
c JK_ and draw the straight line qh; this 

/ '""-.^^ ; will be a parallel to the given line. 

/ *^*^^ / Second, To draw the parallel 

through a given point. 
1. Let 0, Fig. 107, be the point; 



a-r 
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Fig. 107. 

from draw any line cd to ab. 
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2. ]<Vom o and d as centres, describe arcs de and of. 

B. Make d e eqnal to o f, and through the points c e dra^w 
the parallel o h« This is the line required. 

The methods of describing squares and rectangles abeady 
given are also available for drawing parallels ; though they 
are not so generally ready of application as the foregoing. 

To divide a straight line into any number of equal parts. 
1. Let AB, Fig, 108, be the straight line, to be divided 




Fig. 106. 

into, say, five equal parts. Through the points a and b draw 
two parallels a o, b d, forming any convenient angle with a b. 

2. Take any convenient distance, and lay it off four times 
(one less than the number of parts required) along the lines 
A o and B D, from the points a and b respectively, and join 
the first on A to the fourth on b d, the second on a o to 
the third on b d, and so on. The lines so drawn will divide 
a b into the required number of equal parts. 

With the assistance c 
of the straight-edge 
and the set ^uare this 
process may be con- 
siderably expedited. 
Thus, having drawn 
an oblique line o b. 
Pig. 109, from the point 
b, lay off five equal 
parts on it; set the Fig. io9. 

edge of the square e, to the point a, and the fifth divf- 

d2 
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sion on ob; slide the square parallel to itself on the 
straight-edge f, in the direction ad, and draw parallels 
from the points of division on ob to the line ab. The 
latter will thus he divided into five equal parts. 

To construct an equilateral triangle. 

1. Let A b, Fig. 110, he the length of 
the side of the triangle. On a and b as 
centres, with radius a b descrihe arcs cut- 
ting each other at o. 

2. Join AG and bo; the triangle, a bo, 
thus formed is equilateral. 




Fig. 110. 



To construct a triangle ^ having its three sides of given lengths, 
1, Let AB, Fig. Ill, equal the hase of the triangle. 

On A as a centre, with a 
radius equal to one of the 
sides, descrihe an arc. 

2. On B as a centre, with 
a radius equal to the third 
side, descrihe an arc cutting 




Fig. 111. 

the former at o. 

8. Join AO and bo. 
required. 

x 
% 

\ 



The triangle is thus completed as 



K 



To draw a straight line, so as 
to form any required angle with 
another straight line, 

1. Let BAG, Fig. 112, he the 
given angle, and db the line 
upon which an equal angle is 
to he drawn at the point d. 

From the points a and d, 

with any convenient radius^ 

descrihe arcs f o and h i. 

2. Set off the length of the arc f a, contained hetween 

the lines a b and a o, upon the arc h i, and draw d i. The 

angle e n i will he equal to the given angle bag. 




Pig. 112. 
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To bisect a given angle, 

1. Let B A 0, Fig. 118, be the given angle. On a as a ceii 
tre describe an arc cutting the 
sides of the angle at d and e. 

2. On D and e as centres, 
describe arcs cutting each other 
at F. Through the point p draw 
the line ap, which will bisect 
the angle as required. 




Vig. lis. 



To find the centre of a circle, 

1. Let A BOD, Fig. 114, be 
a circle of which the centre is 
to be found. Draw and chord a o. 

2. Bisect the chord at e, and draw b d perpendicular to it, 
bounded both ways by the circumference. Then bd is a 
diameter. 





T\g. 114. Fig. 116. 

8. Bisect B D at p ; this point will be the centre of the circle. 
Or the following method may be adopted ; and it is the 
more expeditious of the two : — 

1. From any point b, Fig. 116, in the circumference, with 
a radius not greater than that of the circle, describe a 
circular arc. 

2. From two other points, a and o, beyond this arc, one 
on each side, describe other arcs with the same radius, each 
cutting the first arc in two points. 

8. Through the two points of intersection thus found 
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draw fitraight lines, meeting at the point o. This will be 
^ihe centre of the circle. 

To describe a circle that shall pass through three given points 
Let ABO, Fig. 116, be the three given points. — 3 . From 





Kg. ue. 

the points a, b, and o as centres, with the same indins, 
describe arcs intersecting each other at d e. 

2. Through the intersections of any two pairs of arcs (two 
pairs being sufficient) draw straight lines ; their intersection 
is the centre of a circle which will pass thron|i[h the three 
given points. 

To draw a circle which shall touch the given line a b, and 
aha a given circle de, in p. Fig. 117. 

1. The centre of the required circle will be on o f 
produced. 

2. Draw a tangent to the given circle at p, meeting b a in 
T. Then the required circle will touch the two lines p t and 
A B. Bisect the angle at t by a line t q. Then the centre 
of the required circle will be on t q. But it is also on o p ; 
therefore it is at their intersection at q. 
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Tig. 118. 



To draw a number of radial lines upon Hie circumfereHce 
of a circle, the centre being inaccessible. 

If the radii are to be at equal distances, set off the equal 
parts on the circnmference, as a bo, &c., Fig. 118. 

On the points ab o, &o., as centres, 
with radii larger than a division, 
describe arcs cutting each other at 
b Cy &c. Thus &om a and o as centres 
describe arcs intersecting each other 
at b ; and so on. Draw the lines b 6, o c, &c., which will be 
radial lines, as desired. 

To describe a regular pentagon on a given line. 

1. Let AB, Fig. 119, be the given line, bisect ab at o, and 
draw f perpendicular to a b. Set off on this line a length o d, 
equal to a b, the given side of the required pentagon. Draw 
A D, and produce it indefinitely ; make d e equal to half a b. 
From A as a centre, with the length a e as a radius, describe 
the arc e f, cutting o f in f. 

2. From a f and b as centres, with a b as a radius, describe 
arcs cutting each other in a and h« 





8. Draw the lines ag, bh, fg, and fh. ActFUfi will be 
the pentagon required. 

Tfi describe a hexagon (Fig. 120). 

Draw a circle, and with half its diameter, f e, in the com- 
passes divide the circumference into six equal parts, and 
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eompltitti the figure by drawing the lines beiwetin the Jivi- 
eional points, as shown in diagiam. 

ft 

To describe a regular octagon in a given square. 

Let ABOD, Fig. 121, be the given square. Drawthe diagonals 
A D and B G intersecting at e. Upon a b o d as centres, with 
a radius e o, describe the arcs l e h, nee, gem, and f e i. 
Join KG, HI, M N, and f l, which will complete the octagon. 

Or, let ABOD, Fig. 122, be the given square. Draw the 





diagonals ad and bo, and from the point e, where they 
intersect, as a centre, and with the radius eo, describe a 
circle, and where it cuts the diagonals at the points qpbs 
draw the lines hi and lf each parallel to the diagonal ad, 
and the lines mn and ge each parallel to the diagonal cb, 
which will complete the octagon. 

If a circle is given in which to inscribe a regular octagon, 
it may be done in the following manner : — 

1. Draw two diameters at right angles to each other. 

2. Bisect the four arcs thus obtained, and draw chords to 
each — ^which chords shall form the octagon required. 

To describe a duodecagon (Fig. 123). 

If a circle is given in which to inscribe the required 
figure, it may be done in the following manner : — 

1. Draw two diameters, A b and o t>, at right angles tc 
each other. 
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2. From the points a, b, o, and d, with half the diameter of 
the circle as radins, describe the arcs as shown. 

8. Draw straight lines between the intersections! points 
of the arcs, as ef, &c., which will complete the figure. 

To draw an ellipse. 

Having given the two axes, set off from c, Fig. 124, half 

the major axis at a and 5, which are the two foci in the 

ellipse, take an endless string, as long as the three sides in 

the triangle abCf fix two pins or nails in the foci, one in a 

c 





Fig.lM. 

and one in 5, lay the string ronnd a and 6, stretch it with a 
pencil df which will then describe the desired ellipse. 

A fignre which is often substituted for the ellipse for 
practical purposes, but is decidedly inferior to it in point of 
regularity and beauty of contour, may be drawn by means 
of circles in the following manner : — 

1. Let A B, Fig. 126, be a given transverse diameter ; divide 
A B into three equal parts a o, 
ov, and vb. From o and 
V as centres, with o a or v b 
as a radius, describe the 
equal circles n v f and ego, 
cutting each other in the 
points I and s. 

2 , Draw the lines k o n, i v o, Pjg. 125. 
I o F, and EVE, cutting the circles in the points d e f and o. 

8. From i and e as centres, with e d or i o as a radius, 

J) 3 
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describe the cnrvilineal tangents d e and f a, when the figure 
A D E B G F will be the ellipse required. 

A common method of drawing snch a figure is by placing 
a sheet of paper round a cylindrical objecti and with the 
compasses describe the figure with the one radius at one 
operation from one centre. 

Or by drawing it, as in subjoined diagram. Fig. 126, the 
ends a b, c d, being divided into the same number of 




Fig. 198. 

equal parts as the long sides ae^ hd, which contain the 
larger equal divisions, and drawing the curve tangentially to 
the inner parts of the lines which are drawn between the 
several points.* 

Cycloid, — ^A cycloid may be defined by supposing it to be 
formed by the motion of any given point on the float-boards 




of a paddle-wheel running through the water (for finding the 
curve, see Chapter XIX.), or on the periphery of a cart-wheel 
rolling along a level road. Thus the circle ab, Fig. 127, may 

* There are variouB methods of describing such ciirves geometrically 
uid mechanically. The roEider is referred to works on the subject. 
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be supposed to represent a cart-wheel rolling in the direction 
ABA, and A to be the given point in its periphery. Under 
these conditions the track of the point a daring one revoln- 
tion will be indicated by the curve line a gaga, which ic 
termed the cycloidal carve. 

Epycycloid, — An epicycloid differs from the cycloid in 
this, that it is generated by a point in one circle rolling upon 
the circumference of another, instead of a level surface 
(Fig. 128). 




Fig. 128. 

Catenary curve, — A curve assumed by a chain or cord of 
uniform substance and texture, when it is hung upon two 
points of suspension (whether those points be in a horizontal 
plane or not), and left to adjust itself 
in equilibrio in a vertical plane. 

Sections. — If any object be cut 
through in any part, either of the two 
surfaces thus produced is called a sec' 
tion. If a cylinder be cut through 
the middle lengthwise, the section is 
a rectangle. If it be cut through 
parallel to its ends, the section will be 
a circle. If, instead of cutting the cylinder parallel to its 
ends, it be cut obliquely, as at bg. Fig. 129, the section will 
be an ellipse, as shown at a. 




Fig. IS9. 
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To desctibe the ellipse produced by cutting a cylindef 
ibliquely. 
Let kf Fig. 180, be the elevation of the cylinder, 

and cd the angle at which it is 
cut. Draw a half-plan b, of 
cylinder, divide b by any number 
of vertical lines from efghi, and 
prodnce them to meet the line c d, 
and through the points m, a, &c., 
where the vertical lines intersect 
it, draw the lines Zn, bp, &c,, at 
right angles to cd, and on each 
of these lines set off the points 
abf ap, each equal to ^ ^ on half- 
plan, and m I and m n each equal 
iofooihrm half-plan b, and so 
on with the remaining breadths 
from plan. A curve line passing 
through the points thus found will 
be the form of curve or ellipse at the section cd of 
cylinder as required. 

A conic section is the section obtained when a plane cuts 
a cone. Conic sections are of five difTerent kinds, namely : — 

1. Triangle, when the plane cuts the 
cone through its axis. 

2. Circle, when the plane cuts the 
cone at right angles to its axis, as at 
a by Tig. 181. 

8. Ellipse, when the plane cuts the 
cone obliquely, passing through the two 
sides, BB Sit cd. 

4. Parabola, when the plane outs the 
cone parallel to one side, as at ef. 

5. Hyperbola, when the plane cuts 
the cone so as neither to meet nor be parallel to the opposite 
side, afi at ^ ^. 



Fig. 180. 
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To deterilt ihs curvet in cone sectiont. 

Of a parabola, or Bectiou parallsl to one fdda of cone : — -Let 
A, Fig. 182, be the cone and de the section parallel to/b, a front 
view of which is required. Draw a centre line n' o, parallel to 
d e, cnt the cone by the diviaional lines ghik parallel to the 
base b o, draw a half-plan of cone b, and with radii equal to 





half-diameter of the cone at each of the horizontt^ sections 
ffhik describe the oorreBpondiog circles in plans. From 
the points m, n, &c., in the horizontal lines k, i, &o,, where 
the sectional line » d intersects them, draw the lines m q, 
np, &c., at right angles to ed; and from the points m, n, 
tic, on sectional lines, draw vertical lines r to the plan, cat- 
ting their respective circles. Thioogh centre of plan b draw 
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the horizontal centre line st, corresponding to centre line 
on'y on which the curve points are to be laid off; take the 
distance I u from plan b and set it off equally on each side of 
centre line n' o — at y and z — this will represent the breadth 
on the base line of figure; then transfer the distance vx 
from plan equally to each side of the centre line on' at a 
and Wy and so on, transferring each distance on plan to each 
side of the centre line n' o, on their respective lines. A curve 
line passing through the points will give the form of curve 
required. To find the form of curve in the same section e d, 
when observed from points at right angles to axis of cone, 
draw the vertical lines 1, 2, 8, 4, &c., at right angles to 
centre line st of plan b, and at equal distances to ghik in 
cone A, and from each of the points in the circles in the plan 




Fig. 133. 



where the vertical lines r cut them, draw the horizontal 
lines 5, 6, 7, 8, &c., cutting their respective vertical lines 
^> 2| 8, 4, (&c, A curve line passing through the iuterseo- 
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tioDal pointB will give the carve required ; a carve lioe paaa- 
!ng through the points in the cirolea in the plan where the 
vertical lines r cat them, vrill aleo give a plan of the para- 
bola at the sectional line de. 

In describing the carve of a hyperbola, or dectioa of a 
cone already referred to, the same process is gone throagh 
as in the last example. Let a. Fig. 1S8, be the cone, and a b 
the seotioual line. Draw a half plan b, and sectional line 
«/ ; draw a vertical centre line I m, on each side of which 
the cnirve is to be set off from the intersections in the plan 
B ; make ed and g k each eqnal to b/ and t ft in the plan b, 
and so on, transferring the half-breadths firom the plan b 
to each side of the centre line Im eqoally &om it on their 
respective lines. A cnrve line passing through the points 
will give the form of hyperbola as required. Or, prodace the 
horizontal centre line n of plan b to o, and draw the vertical 
lines 1, 2, 8, ice., corresponding to the horizontal lines on 
pide view of cone & ; and from the 
points in the circles in plan b, where 
the sectional line ef intersects them, 
draw the horizontal lines x to the re- 
spective vertical lines 1, 2, 8, &c. ' 
A cnrve line passmg through the 
intersectioDal points will be obvionsly 
the same as that set off at the line /m. 

In describing the curve of an 
ellipse, or the oblique section 
of a cone, the same operation Is 
performed for finding the cnrve 
points as in the previous examples, a. 
Fig. 184, being the cone, b the plan, 
and c d the oblique line of section, 
through which the horizontal lines 
1, 2, 8, &o., are drawn, and to i 
which the diameters of the circles f^r !**■ 

iu the plan correspond, as shown ; the vertical lines «, /, g, 
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Ac, from the points in cone a, where the section ed eaia 
the horizontal lines 1, 2, 8, &c., are produced to the plan, 
and intereeot the respective circles ; the half-breadths at the 
intersections are transferred to each side of the line of section 
e d, on the tines which are at right angles to it. A cnrre line 
passing through the points will give the form of ellipse as 
required;* a cnrve line passing through the corresponding 
points in plan, where the vertical lines intersect the ciroles, 
will give the pkn of the ellipse. 

Ehveiapes, OB Cov£BiMa OF BoUDBi^To find the envelope 
for a given cone. 

LetABC,Fig. 186, be a cone whose diameter is b o, and 
slant side ba ; it is required to find the envelope. 



niT'lSB- 

From A as a centre, with the radius a a, describe a circle 
CDE, make oe equal in length to the circnmference of the 
base of the cone and join ae; the figure aob will be the 
envelope. 

* It ma^ be necesBiuT tcTc to remaik, tiiat thoagh the upper put 
of the section icterBocts the cone at a much lew diameter in its length 
than at the lower part of the section, nevertheUaa each half of Uu 
1 firom the middle of its lengOi is identicaL 



HINTS ON GEOMETRY. 



66 



To find the envelope of a given fruetrum of a cone. 
Let F G B 0, Eig. 186, be the frastrnm of a cone whose base 
is B 0, it is required to find the envelope. 
Produce b f o a until they meet at the point a ; from a as 




Fig. ise. 

a centre, and with the distance a a as a radins, describe the 
circle o h ; and from a as a centre with radins a o, describe * 
the circle o e ; make o e eqnal to the circumference of the 
base of cone and join a e ; the figure o o h e will be the 
envelope required. 

The length of o e may be found approximately by describ- 
ing a semicircle b e o and dividing it into minute equal parts, 
and making the length o e equal to twice the number of such 
n^iinute divisions, as in b k o. 

To find the emelope for a cylinder having one of the ends 
cut off at an angle to its sides. 

Let A dbo, Fig. 187, be the given cylinder, having one of 
its ends a d at an angle to its sides ; it is required to find the 
envelope. 

Upon the base bo draw a stmlcircle, which divide into 
any number of equal parts (tho more parts the better), as at 
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1, 2, 8, &c., throngh these points Arnvr the lineB 1, 1 ; 2, 2; 
8, 8, Ac, parallel to the side a b of the cylinder ; then mark 
off ae in the right-hand diagram, the line h i x eqnal to the 
circnmfarence of the baae of the cylinder; or, otherwise, 
eqnal to twice tiie Bemicircle drawn on b o. Upon h i s set 
off on each aide of i the same number of eqoal divisions na 




in the Bemicircle bo, and draw lines aa i r, 1, 1'; % 2'; 8, 8'; 
&c., perpendicular to h i e. Make i f eqnal in length to b a, 
and H £ and k a each equal to a s, also each of the perpen- 
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dicolars equal to the Imea in left-hand diagram, having the 
same fignrea, 1, 2, 8, &e. ; a line dra'wn thioagh these points 
will be the form of the required carve for one side of the 
envelope, the whole of which is contiunsd in the figure 



To cover a dume hMriittf Chejalau in verlical 
platies, fuppoting the axial section gwen, and 
alto the breadth of the bate of the envelope. 

Let ABO, Fig. 188, be the axial Hection, 
and s / the base of the envelope ; the 
length c £ is made equal to the cnrve a b o, 
and divided into the same nnmher of equal 





parts ; join/ h, and thruagh the points of division, 1, 2, B, 
draw lines parallel to the base A A, then the lines intersected 
between the axis c h and/ k will be the half-breadth of the 
envelope at the oorresponding divisions on o s, through which 
points draw the carve /e and kb, which will give the form 
e required as b s/.f 



* The foregoing ia useful, practicall7, for umking the elbows of 
pipes of sheet metal, saving much time and trouhle, and avoiding 
waste of materiaL 

* Mach the same procees is Qsed in the fonnatioa of the spherical 
ends of round hoileis, allowance being made for a greater diameter at 
one side than the other for overlap of plate for riveting. 

Geometry, as applied to drawing ortinaiy enginnflnng detaiU, will 
be ibund in Ohnpter XUT. 
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CHAPTER Xn, 

DBAWINa FROM A OOFT. 

Copies to be drawn from should either be drawn by hand, or 
engravings or lithographs, but not wood-cnts, as their lines 
are never so fine, or their shadows as distinct. A beginner 
especially should never use wood-cuts to copy from, unless 
they are very plain indeed. 

If there are several copies of the engraving or lithograph 
from which a drawing is to be made, the same copy should 
always be used, as rarely any two impressions of the same 
plate are exactly of the same length and breadth, on account 
of the inequality of the moisture, and consequent unequal 
expansion of the different sheets when printed. 

In drawing, time is not so much an object as correctness, 
though in actual business, the quicker a plain drawing is 
mr le the better, if correct. 

Before drawing from the copy (original), a cutting-off line 
should be drawn all round the stretched sheet a little way 
inwards from the part adhering to the board ; in a large 
sheet it should be at least one inch inwards from the outer 
edge of the paper, so as to be quite clear of the gum joint.* 

Nothing detracts so much from the look of a good drawing 
as a too small margin. A drawing occupying a space of 1 
foot or 15 inches square over all, should have at least a 
clear margin of 6 inches equally all round, with the border 
line from IJ to 2 inches from cut-ofif edge of paper; and 
other sizes in proportion. 

By measuring, the middle of the sheet each way should 
be found ; the centres also of all the views to be drawn 
should be put in from the copy.f Supposing there are to 

* The space thus marked off is also useful upon which to try the 
drawing-pen before drawing a line when inking-in a drawing, or for 
tr}'ing the tint when colouring (when the drawing is not covered over 
in the manner described in a preyious chapter). 

t For a beginner, the drawing to b'' made should be of the saxae 
«ize as the copy (or original}. 
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be three elevational views and a plan. It is usual in a pro- 
perly got np enginering di'awing to place the plan above the 
side elevation, and central on the paper if possible. End 
elevations, or sections, should be to the right and left of the 
principal elevation. 

In copying from a tracing it is essential to put a sheet of 
drawing paper underneath the tracing ; it not only shows the 
lines to more advantage, but prevents the compasses tearing 
it while taking off measurements. 

All measurements should be taken in the exact direction 
of the distance to be measured, or an obviously incorrect 
distance will be the result. The same rule applies when 
transferring the distance to the drawing about to be made. 

In taking a measurement from the copy, it is better to 
first open the compasses and then close them to the dis- 
tance, than to place the leg point on one extreme of the 
distance, and then open them to the other ; the right hand 
holding the compasses resting on the copy and also on the 
paper while transferring it. In making the mark, the com- 
pass point should never be pushed into the paper, a slight 
mark being all that is necessary ; a fine pointed pencil will 
render the mark more visible if required. 

From the centre of the copy the distance of the base line 
of the elevations should be found by foot rule or slip of 
paper, transferring the same to the sheet to be drawn upon, 
and draw the base line, holding the pencil as directed in 
Chapter X., and not pressing too heavily, or superfluous lines 
will be difficult to rub out, and the ^e point apt to break. 
Take, by the same process, the distances from centre of 
copy to the centres, right and left, of the several views, 
transferring them to the sheet, and drawing in these respec- 
tive centre lines of the views required to be drawn. Find 
the distances from base line to all the principal working 
centres, and transfer them to the sheet, as well as their 
positions laterally; and then general distances, and fill 
np between with the details, making it a rule to put in 
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centre lines for any objects which are to have both sides 
eqnally distant from it. Beconrse mast be had to light 
pencil centre lines on the drawing to be copied from, where 
necessary, to measure from. Pencil lines should exceed 
the proper length a good deal, so as to see where to ter- 
minate other lines meeting them. In making a wrong 
pencil line among finished pencil details it is better only to 
scroll it out with the pencil than to mb it out with the 
.India-rubber, which is apt to obliterate more than is 
wished. 

The centre lines in all cases, in machinery drawing espe- 
cially, must be correctly placed, as, in making a real machine 
from a working drawing its coiTect working depends on that. 
When an object has both sides alike the half of the whole 
diameter, or breadth, should be taken from the centre line in 
copy, observing also that the same distance agrees with the 
other half from centre line before transferring it, thus proving 
it correct for such whole breadth. With the correct half of 
diameter the distance is then transferred to each side of cor- 
responding centre line on sheet to be drawn upon. When 
drawing by artificial light, measurements can be taken with 
the fine point of the pencil of the compasses, which will 
show a mark when transferring a size to the paper, though 
this instrument should not be used if a mark from the com- 
passes can be seen at all. 

In drawing circular details, a little temporary pencil 
mark, as shown at a, Fig. 189, should be put around the 

centre of a circle while the eye rests 
on it, and arcs of circles which are 
united, having different radii, should 
have a temporary pencil line drawn 
Fig. 139. £j,Qjj^ gg^jj centre to its respective 

arc, as shown at 6 <; and d, so that when about to ink in the 
drawing, centres of the required circles can be readily found. 
In drawing large pencil circles with the large compasses, 
and more especially with a lengthening bar attached, the 
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fyencfl end should never be tonohed while drawing the circle, 
the compasses being held by the top only.* 

In copying a plain drawing in a hurry, it saves much time 
to place the copy at the right hand side of the sheet, fair and 
square to the board, and held by weights or pins at the cor- 
ners. With the T-square placed at the horizontal lines of the 
copy, corresponding lines can be drawn on the new sheet. 
Having done these, the copy can then be placed at the top 
of the sheet, and the vertical lines or breadths similarly 
drawn in with the T-square. Of course this method cannot 
be so well relied on ; for, should the copy be a little in- 
correct, there is not the advantage of finding the exact 
measurement on each side of a centre of a whole breadth, 
neither is it good practice for a beginner, who has to learn 
to take correct measurements. When only one view of a 
steam-engine has to be made from a drawing where two or 
three views are shown, the side elevation (or the view 
showing the crank breadth) is the most likely to explain on 
what principle it is constructed. The side elevation of most 
machinery other than the steam-engine, would generally 
give the best idea of the construction, when only one view 
is to be shown. 

In a drawing having a front and side elevation and plan, 
the former two should agree in all points in the several 
heights, and the breadths of the plan should agree in all 
points with the front elevation above which it is placed ; 
and in making such drawings one measurement should be 
sufficient for a height for either a front or side view, or a 
breadth in side view and plan, the T-square being used to 
draw the respective height across for the two former, and 
placed vertically for the breadths of the two latter. 

If two views are to be shown of the same machine, with 

* If a circle has to be made larger than the ordinary lengthening bar 
will admit of, and to save the expense of beam compasses, aheady 
referred to in Chapter IV., a piece of flat wood may be tied securely 
to the compasses, having the ordinary pencil foot at the other end, 
and at the proper distance. 
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the working parts in a different position, having once got 
the centre lines in each view, one measurement by com- 
passes should be applied to the corresponding part in each 
of such views, and thus save time by not doing the same 
thing twice over. 

In making a full-sized copy of any irregular figure, it is 
sometimes the practice to lay the copy over a blank sheet 
and to prick it through with a fine needle * fastened in top 
end of pencil, or with the pricker generally attached to 
drawing-pen handles. This, however, is not so good as 
tracing the figure from the copy, then turning the tracing 
over, and retracing on the back of the figure first traced ; 
lastly, laying the tracing in proper position on the drawing 
paper and going over the figure with a hard pencil, there 
will be left a sufficiently distinct line to ink in by. 

The method of tracing is also useful in making an irre- 
gular figure, or combination of curves, when the same figure 
is to be shown on each side of a centre line. Having traced 
the figure on one side of the centre line by the pencil, draw 
a centre line also on it, and transfer the tracing to the sheet 
on which it is to be drawn — ^having also its centre line, with 
which the line on tracing must correspond — and proceed as 
before explained. In measuring an irregular figure from a 
copy, such as is shown in subjoined diagram. Fig. 140, draw 




Figr. 140. 

a line a 5, and divide the line by any number of divisional 
lines across and square to ab; make similar lines on the part 
of sheet on which the figure is to be drawn ; then measure 
from the line a 6 to edge where the cross lines intersect, 

* Pricking through is generally resorted to by shipbuilders in 
making a copy of a drawing, but if frequently performed from the 
same original, the latter becomes so fiiU of little holes as to destroy the 
drawini;. 
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which -will give all the points through which the curve is to 
pass. In a regular curve, the line can be drawn with a 
baton and weights, as shown at Fig. 141, or by the monlds 
described in Chapter lY. 




Fig. 141. 

In measuring lines from a copy when they are not con- 
tinuous, as shown at a, Fig. 142, draw a pencil line to b, in 
direction / a in copy, and from a to c in direction a e. The 
measurement can then be taken from a given point, or 
centre line, d, in base line to c, and also from d to h. Pro- 
ducing/ a to b, mark off the length b a, join a c; then mark 
off the length e e, and if ^ ^ is parallel to a b, take the 
parallel rulers, holding the bar of rulers next to you firm 
with the left hand, and set the edge of the other bar to a b, 
move back to « ^ by the right hand, and draw the line. 





f h 



K- — 






Fig. 143. Fig. 143. 

In drawing snch objects as the side view of an oscillating 
cylinder, or anything similar, and inclined, a perpendicular 
should be raised for one line square to the centre line of the 
object, and any other lines which require to be so, made 
parallel to it. 

In drawing the sides of any <' barrelled " rod, those which 
are thicker at the centre than at the ends, such as connecting 
rods, the ends ornecks af and «(2,Fig. 148. and the diameter 

v 
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at the middle, b e, are first marked off, and if a circle, and 
not too large for the compasses, the radius is fbnnd as 
already descrihed in the last Chapter (XI.). Bat if too large, 
recourse must be had to a mould, being the segment of a 
circle large enough. If not a part of a circle, probably a 
parabolic mould for one half of the length (being a varying 
curve) would suit ; and if so, the form must be drawn only 
as far as a 5, a mark being put on edge of mould at the 
centre line b (which is always better than at the extremes, 
as at a or e), and the mould then turned over and the mark 
on edge of mould being made to coincide with centre at 6, 
the other half, b e, can be drawn, making the two ends of 
the curve equal. The process is performed again tor fc and 
c d. A stiff baton and weights, as described in Chapter lY., 
might do very well, marking more diameters in the length 
of the object. 

Reducing ob Enlabging a Drawing fbom a Copy. — 
To make a drawing half the size* of copy, the half of 
everything should be taken, keeping to the same rule in 
regard to drawing in base line, centre lines, and general 
heights as has been already described. If a drawing is to 
be made twice the size of copy, whole diameters, &c., are 
taken and transferred on each side of the several centre 
lines, doubling the heights, &c. Proportional compasses 
(reference to which will be found in Chapter IV.) are gene- 
rally used for such purposes. 

When reducing by scales, it is not essential to use the 
same scale as that to which the original is made : for in- 
stance, if a drawing is to be made half the size of another 
drawing whose scale is 1 inch to 1 foot, instead of applying 
an inch scale to the original drawing, and using a half-inch 
scale for reduced copy, any scale may be applied to the 
original, the reduced drawing being made to another scale 
in the proportion of 1 to 2 to the greater. 

* Which means half the scale of copy, therefore covering only a 
quarter of the area. 
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The same remarks apply to drawings io be made to a 
larger scale * than an original, proportion between the two 
scales being all that is required. When a drawing is to be 
enlarged to more than donble, or less than half the size of 
the original, and if a scale or proportional compasses are 
not used for the purpose, it is better to take whole sizes 
from the original, and transfer snch measurements to the 
margin of the sheet to be drawn upon, from which the 
desired proportion can be taken, as dividing by trial' and 
error on a good drawing destroys its appearance by the 
numerous marks made by the compasses. 

Before going into the process of inking-in a drawing, 
which will be treated of in Chapter XIV., preparation for 
drawing from a model or from large machinery, such as a 
steam-engine, requires some further instruction than in 
simply describing the making of a drawing from a copy. 



CHAPTER Xm. 

DRAWING FBOM MODELS AND LARGE MACHINERT. 

In drawing from a model, it is seldom necessary to make 
any sketch for marking the sizes on previously, a narrow 
strip of wood for taking off the heights, &c., compasses, 
external and internal calibers, being sufficient to transfer, as 
it were, the model to the paper. 

In taking the measurements from a large engine or 
machinery to be drawn to a scale, more appliances are 
requisite ; though in drawing to a 'Bcale we proceed much in 
the same way as in drawing from a copy, as regards all the 
centre-line work, &c. If a model is to be drawn to the 



* If tmee the scale of the original, it would be equal to four times 
(be area. 

B 2 
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same size, there is nearly as much merit in doing that well 
as when a greater or less size is wanted, correctness is 
either case being the principal thing. For large machinery 
it is necessary to be able to sketch well by hand, and this 
requires practice. Paper raled down and across is fre- 
quently used — ^heavy lines showing feet, and light lines 
inches.* By rough measurements, a view can be sketched 
on the ruled paper bearing nearly the proper proportions of 
the parts, and on which the right dimensions are marked 
accurately after measuring more correctly. But the more 
common way is to make the sketches in a book having no 
ruled lines. The larger paged such book is, the better ; and 
if less than half an inch thick it cannot comfortably be held 
flat for the operation. The following also are requisites : — 
a two-foot rule with slide, to go into narrow apertures, a 
straight-edge, a steel draw-point, a large workshop square, 
external and internal calibers, an ordinary pencil, and a tape 
line. In most cases an assistant is necessary ; in others, a 
tape line with a hook (instead of a ring) will be found con- 
venient ; a light straight-edge, 10 feet long or so, with feet 
and inches marked on the side at edge, will also be found 
useful. 

As it is necessary to have the entire arrangement of the 
machine before you when commencing to make your draw- 
ing to a scale, a complete sketch of side elevation or view to 
be drawn is to be made in the sketch-book. On this the 
principal lengths and heights over all are marked, and 
heights of working centres from a level line, such as the 
lower edge of bottom plate, if an engine, or bed plate of any 
machine ; and, having found the centre of the machine, all 
the distances right and left from that centre to the working 
centres in feet and inches should be marked. In marking 
feet and inches, one tick above feet indicates feet, and two 
tinks above inches will indicate inches. The distances 

• Price l*. per sheet. 
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Fig. 144. 
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between two extremes are shown as in diagram. Fig. 144. 
If inches only have to be 
marked, a cipher and one 
tick placed above it should 
be pat for no feet, and if 
feet and no inches are to be 
marked, a cipher and two ticks placed above it shonld 
be put for no inches. By observing this rule a deal of 
trouble will be saved; otherwise, when laying down the 
drawing to a scale &om the sketch sizes, it is sometimes 
impossible to tell when only inches are intended ; and, with 
the tick or ticks absent, whether such figure is for inches 
only, or for both feet and inches ; for instance, 18, in- 
tended to be inches, may be taken for 1 foot three inches. 

Having sketched in such diflferent views in the manner 
described, with the general distances and dimensions, the 
different parts must then be sketched in detail, large enough 
to mark the particular sizes upon, and this on a fresh page 
of sketch book, placing all the different views of the one 
object together, as is represented in diagram, Fig. 145, show- 







Fig. 145. 

inf a common engine link, — the upper being the face, and 
the lower the side views. The distance between the centres 
a and b, if the eyes are of the same diameter, can be easily 
found, by measuring from the inner part of the diameter of 
one to the outer part of the diameter of the other, as at c c2 • 
if both ends are alike, of course it will only be necessary to 
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mark the sizes once, thongh all the sizes may be distributed 
in both ends and marked so in sketch. In taking diameters 
with the calibers, they should just touch, and never be 
pressed on, or they would give the size inaccurately, in 
consequence of their springing again inwards when removed 
from the object. 

In drawing an object like that described to a scale, the 
centre lines in the long direction should be first drawn, then 
the centre lines across at each eye, and from these centres 
the other lengths follow as measured. In a full-sized 
working drawing on paper, the centre lines should be put in 
in red ink, and iron and brass sections by their respective 
colours. In sketching circles from 2 to 6 inches diameter, 
a very round one can be made by holding the pencil in the 
same way as in writing, and placing the little finger in 
position as a compass-leg and turning the paper round upon 
a smooth surface by the left hand and holding the pencil 
steadily with the right. 

In measuring toothed wheels, the diameter is taken at the 
pitch line, as shown at a d, Fig. 146, which coincides with the 
line of contact of teeth when geared. The pitch of teeth, or 
distance from the centre of one tooth to the centre of tooth 
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Fig. 146. Fig. 147. 

adjoining, as at b «, is also measured on the pitch line. For 
form and proportion of teeth see further on. 

In measuring inconvenient objects and distances, as, for 
instance, between two columns a and b (Fig 147), take t^to 
pieces of convenient material, or straight-edges, o and e, 
which, for obvious reasons, must be of greater length than 
half the distance between the columns ; place the one above 
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the other, as shown in diagram, and their extremities in 
contact with the columns, and either measuring the distance 
on the straight-edges while so held, or hy patting a mark 
with the draw-point or pencil at the end of npper straight- 
edge c at Cf they can then he taken down and the length 
measured ; and adding half a diameter of each column for the 
distance from centre to centre, if such measurement is re- 
quired, or if the columns are of the same 'diameter, add one 
diameter only. If the columns are tapered, care must he taken 
to mark the exact place on the col amns where the distance 
was taken, so as to take the diameters at the same place. 

The subjoined diagram. Fig. 148, shows another way of 
measuring objects similar to that which has just been described, 
though in this case some assistance is required. By placing a 
long parallel straight-edge against the two columns, and with 
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Fig. 148 

a square placed in the positions as shown, and by making a 
mark on straight-edge at a and b, if the columns are of the 
same diameter, this one measurement will give the distance 
from centre to centre. 

In taking the outside diameter of a large round object, 
such as a cylinder five or six feet diameter, when it cannot be 
measured across at eithei* end conveniently, the easiest way 
is to place straight-edges, one on each opposite side of the 
cylinder, and so held as to be firm enough to measure the 
distance between the straight-edges by another straight-edge 
at their extremes. If the distance between is the same at 
each end, that will give the outside diameter. This is more 
in reference to a cylinder placed vertically. If lying hori- 
zontally, and the ends, from their surroundings, cannot bo 
conveniently got at, a stout straight-edge should be set 
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firmly across the top side and propped up below to keep it 
■quite level, which it must be ; a plummet can then be held 
against the straight-edge and one side of the cylinder, and 
the place of the string marked on the straight-edge ; by 
repeating this process for the opposite side of cylinder, 
the distance between such marks will be the outside dia- 
meter. If a cylinder has a square flange at top or bottom 
it generally facilitates the measurement of the diameter, as 
the length of the sides is easily taken, and the distance 
measured from them to outer diameter of cylinder. 

In measuring any irregular figure, as in the subjoined 
diagram. Fig. 149, place a straight-edge in a convenient posi- 
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Fig. 149 

tiou, and hold firmly by weights on the object, then mark 
off any number of divisions along the edge c (i (the distances 
between which should be marked on the sketch in note- 
book), the lines a from divisions being drawn with a square 
by chalk or a draw-point ; having completed these lines all 
along the length of object, the breadths can be measured 
on these lines from the straight-edge to the side of the 
object, and each marked on its corresponding divisional 
line in sketch. Having drawn a line 2X c d the straight- 
edge can then be removed, and the lines a produced across 
to the side h of the object, and the breadths measured on 
that side from the line c dio the edge. 

It is hardly necessary to add, that the first thing to be 
done in making the drawing of such object to a scale is 
to draw the straight line e dy with the divisional lines 
following. 
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In taking the size of a six-sided nut of which a drawing is 
to be made, the measurement should be 
taken across its greatest diameter, as at a, 
Fig. 150. 

Longitudinal sectional elevations (or ob- 
jects cut through lengthways vertically), 
longitudinal sectional plans (or objects Fig. i5o. 

cut through lengthways horizontally), and transverse sec- 
tions (or objects cut through across vertically), are neces- 
sary drawings at all times, and to get measurements from 
the actual engine to make such drawings is often an impossi- 
bility, however essential it is to show intern^ arrange- 
ments, often made in the casting of a piece of machinery 
and never seen again unless broken up. There is often no 
other way of showing the thickness of material than a section. 
If the object in question is in process of construction in the 
factory the only resort for what is required for the purpose 
is the large original working drawings which show the 
structure of the interior parts. 

In drawings of machinery it is usual to place the plan 
above the side elevation and central on the paper if possible. 
End elevations or sections should be to the right and left of 
the principal elevation, and adjoining the end of the eleva- 
tion which they severally represent. 

When only one view of a steam-engine has to be made, 
the side elevation (or the view showing the crank breadth) 
is the most likely to explain on what principle it is con- 
structed. The side elevation of most machinery, other than 
the steam-engine, would generally give the best idea of the 
construction, when only one view is to be shown. 

If two views are to be shown of the same machine, with 
the working parts in a different position, having once got the 
centre lines in each view, one measurement by compasses 
should be applied to the corresponding part in each of such 
views, and thus save time by not doing the same thing twice 
over. 

e a 
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Diffetunt views of the stitne object on the saine shunt 
should be equidistant from their several extremes, and U 
there are to be tvo or three seta of views of different objects 
on the same sheet there ought to be a greater space between 
each set than the distance between the individnal views of 
each set. If on the same sheet of paper difTerent details are 
to be drawn to difierent scales, the things of most importance 
and those moat intricate should be drawn to the larger scale. 

Sections surronnded by other views of the same object 
should have it stated where it is taken throt^h, the letters 
having reference to the other views which have corresponding 
letters where snch section is taken. 

In finished pietorial sections, the parts that would be 
visible in the real machine, beyond and aronnd the section, 
are generally shown, though in a sectional working drawing 
for the workehop the section only is all that is necessary, it 
not being intended to produce a pictorial view, but to show 
the actual thickness, &a., of material at the part sectioned. 

In the little example of sections subjoined, Fig. 161, the 
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part g is seen projecting beyond the sectional part bemg a 
plan of the base adjommg In actual working drawings for 
factory nse it would not be necessary to show it if the 
sectional part only was required If the dunensions of g 
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were really required, it can be got from the sectional eleva- 
tion at h, and in front view from the breadth ds\ the 
sectional plan shown at g being through h c, and the longi- 
tudinal section at h through i k. 

In some cases dotted lines suffice to show an internal part, 
as in the three views of the objects shown at Fig. 151, if the 
drawing is merely an outline ; but it is more satisfactory to 
have it in section, as shown at g and h. A pictorial drawing 
should never have dotted lines. 

When all the necessary dimensions are carefully noted 
down in the sketch-book, and the paper stretched on the 
board ready for drawing on, the scale must be chosen to 
suit the number and size of the views to be drawn, and the 
dimensions of the paper to be drawn upon (though the former 
generally determines the latter). Find how much the entire 
length and height will occupy to the scale, allowing for the 
necessary space between each view to be drawn, so as to 
place the whole in the middle of the sheet, leaving an equal 
margin around, as described in the preceding chapter. 

If instead of using the ordinary scales refeirred to in 
Chapter Y., it is found more convenient to make a scale 
suitable for the required purpose, it is better, instead of 
making the permanent scale at first, to make it on the margin 
of the sheet on which the drawing is to be made, as it has to 
undergo a good deal of tear and wear from the compasses ; 
and when the drawing is finished a scale can easily be copied 
from the margin scale into its proper place on the drawing. 
In making such scales to any part of a foot, for instance 
a scale of a 'quarter of an inch to the foot, it would not be 
so correct to take a quarter of an inch by the compasses from 
the foot rule to divide the scale line into the number of feet 
required. Supposing 20 feet are necessary to the scale linci 
it is the more correct way to mark off the whole measure for 
20 feet, or 5 inches, and to divide this into five equal parts, 
and these again into four equal parts or quarters of an inch — 
the whole will then be 20 feet as required. A scale for a 
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plain engineering drawing shonld be one fine straight line 
divided into the required number of feet, leaving the inches 
clear of the first foot and shown to the left, thus : — 

12 9 G ;i 1 e 3 4 e 

mhiliiliii [ ! I ! 

Scale 5i iiich = lfoot. 

Fig. 163. 

The inch divisions at 8, 6, and 9, should project up a little 
beyond the intervening inches, as it facilitates taking a 
measurement in inches. 

It is better to say how much the scale is to the foot, 
underneath it, when it is to any known part of a foot, which 
it is better to be, as the foot rule can be applied to any part 
of the drawing of greater length than the scale attached to it. 

In taking a measurement by the compasses from the scale, 
they should be opened sufficiently wide, so that when one 
leg point is put on the division for feet the opposite leg is 
closed to the inches; this being more convenient than 
dpening them to the exact divisions of the scale. (See 
Scales, Chapter V.) 

To find the centre line of qf Under and fly- wheel shaft m a 
beam engine. 

Let the horizontal line cec, Fig. 153, be the centre 
line of beam or lever when at half stroke — and e the 
centre. With the half length of beam e c, and from « as a 
centre, describe the radius/ c^ at each end, as shown ; set 
off the extremities of the stroke or vibration of beam at 
f and g, a half on each side of centre line ce c, and join fg 
by a vertical line, intersecting the horizontal line cec at t ; 
bisect ci at d, and through the point d draw the vertical 
line d ky which will be the centre lines of cylinder and crank 
shaft.* To find the position of crank at half stroke. — ^With 
half stroke (or distance if) as a radius, and on the line d ft, 

* The centre of shaft h sometimes placed yertically from the end d 
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from Z as a centre, describe the circle n — vindicating the path 
of crank. The length of the connecting rod is taken from 
the point e to the centre of shaft L With the radius o I 
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k 




Fi«. 153. 

describe the arc I m, catting the circle n at m, and join I vi 
by a straight line, which will be centre line of crank at either 
side of the shaft, when the lever is at half stroke. 

In condensing engines the centre of air-pump is found by 
describing an arc from 6 as a centre, through the given 
centre for working the pump, on lever between e and c, in 
the same manner as for the cylinder centre line. In marine 
side-lever engines the annexed diagram applies equally, the 
lever being placed below the crank being the only difference. 
The position of the crank of an oscillating, or of any de- 
scription of connecting rod engine at half stroke is the same. 

The civil architecture most frequently adopted in frame- 
work and columns for engineering purposes are the Tuscan ; 
Grecian, and Boman Doric orders.* 

Regular mouldings are eight in number, and are named — 
* For examples of which, with their proportions, see Appendix, Part L 
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tbe Fillet, or Band, the Torns, the Astragal, or Bead, the 
Ovolo, the Cavetto, the 03nna-recta, the Gyma-reversa, or 
Talon, and the Scotia. 
The Fillet, a, Fig. 154, is the smallest rectangular member 
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Fig. 155. 



in any composition of mouldings. When it stands upon a 
flat surface its projection from the surface is generally made 
equal to its heigh^ It is frequently employed to separate 
other members. 



To describe the Torus, Fig. 155, let ab be the vertical 
diameter from which the Torus projects ; bisect a b in c ; 
from c, with the radius ca orcb, describe the semicin^le bda^ 
which will be the profile of the Torus. This is surmounted 
by a flllet b e, and being of a rope-like shape (like the 
Astragal) is intended to bind and strengthen the parts to 
which it is applied. 

The Astragal is described in the same way as the Torus, 
the only distinction between them being that, when employed 
in the same order, the Astragal is smaller than the Torus. 
The latter is generally employed in the bases of columns, 
the Astragal both in bases and capitals. 

The Boman Ovolo consists of a quadrant or a less portion 
of a circle, and is described at a. Fig. 156, the height and 
projection being given. First, let the height be equal to the 
projection, draw ab equal to the height, and be B,i right 
angles with, and equal to, ab, for the projection. The 
quadrant a c described from the centre h, with a radius b a, 
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or b e, is the contour of the Ovola. But when the projection 
is less than the height, as in b, draw a h and be a,B hefore, 
at right angles, a b heing the height, and b c the projection. 
From the point a draw an arc of a circle b d, with the radius 
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Fig. ise. 

ab, and from the point c, with the same radius, describe 
another arc, cutting the former arc at d ; the point d is the 
centre firom which the Ovolo is to be described, with the 
radius da or dc. 

The Greek Ovolo, Fig. 157, unlike the Roman Ovolo, 
cannot be described by means of circular arcs, but must be 
described by finding a 
number of points in it. 
For this purpose draw 
the line a c from the 
lower extremity a, in- 
dicating the inclination 
of the curve at that 
point; draw also the ver- 
tical line dbe through 
the extreme point b, or 
projection of the curve. 
Draw b e parallel to c a, 
and a ef parallel to 
eb; make ef equal to ae; divide the lines eb and 
b c into the same convenient number of equal parts ; draw 
straight lines from the point a to the points of division 
in be, and similarly, draw straight lines from the point/, 
through the points of division ia be, meeting successively 




Fig. 167. 
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the lines drawn from a to be; the points of intersection of 
the pairs of lines thus drawn will be as many points in the 
contour of the moulding, and a curve line drawn so as to 
embrace these points will be the greater part of the contour. 





rn 
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Fig. 168. 

The remaining part b g, if required to be determined in the 
same manner, may be found by drawing lines from a instead 
of/, through the points in be, and from/ to bd, instead of 
from a to be; of course this will give a good deal more of 
the curve than is necessary. The curve drawn in this 
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manner is a portion of an ellipse, somewhat greater than a 
fourth of the whole circumference. The recess of the 
moulding, hgd, at its projecting point is denominated a 
quirck. Fig. 157 is from its great projection relatively to its 
height, adapted for capitals of Doric columns. With less 
projection it would he suitable for entablatures. 

To describe the hyperbolical Ovoh, Fig. 158, as employed 
in Doric capitals ; having given the projection b of the curve 
and the lower extremity a. Draw the line ac ia the direc- 
tion of the lower end of the curve, and b c vertically through 
the point b ; draw a g vertically from a, and b e and c d per- 
pendicular to ag; set ofif 0/ equal to ady and eg equal to 
a e ; join bf and divide bf and b c into the same convenient 
number of equal parts; draw straight lines from a to the 
points of division in be, and also straight lines from g through 
the points in/ 6; the successive intersections of these lines, 
as in the foregoing case, are the positions of as many points 
in the contour. This is the general form of the Ovolos in the 
capitals of the Grecian Doric. It will be seen that the lower 
part towards a is nearly straight, and is succeeded by four 
fillets, shown in section on a large scale, and rounded away 
on the under sides into the fundamental line n 0, 

The Gavetto, Figs. 159, 160, 161, is the reverse of the 





Fig. 169. Fig. 160. 

Ovolo, and both in regard to form and to the weakness of tho 
extreme parts, is well adapted for purposes of shelter for the 
other members. It is always employed as a finishing, and is 
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applied where strength is required. It is never used in 
bases pr capitals, but frequently in entablatures; thus, in 
the Roman Doric order, it forms the crowning member of the 
corniccj and is evidently employed to overhang and shield 
the under members. 

The Oavetto is described in the same way as the Boman 
Ovolo, by arcs of circles, which may be either full quadrants 

or less. The Greek Cavetto, 
Fig. 161, is somewhat ellipti- 
cal, and may be described by 
a combination of two circular 
arcs, thus : Let a & be the 
projection of the moulding, 
and a c the vertical line ; 
from the point h draw hd 
vertically from h, and make 
it equal to h e, which is two- 
thirds of ha; from the cen- 
tre d describe the arc hi; 
drsLPr i n perpendicular to 
If iy make n o equal to n t, draw o p perpendicular to a c, and 
meeting e d produced in Pf and from the centre p thus found 
describe the arc i o. The contour hioc will represent the 
Greek Cavetto. 

The Conge or Scape, Figs. 162 and 163, is a species of 
Cavetto, and is not recognised as a distinct moulding. In 
section it is partly concave and partly straight, the latter 
being vertical. It is employed in the columns of some of 
the orders, for joining the capitals and bases to the shafts. 
Let a h, Fig. 162, be the projection of the moulding from 
the vertical line a «, which it is required to touch ; and 
first, if the projection ah is equal to the height of the curve, 
make a e equal to ah; and from the points h and c as centres, 
with ah or a c Q.B a radius, describe the arcs intersecting 
at d ; from d with the same radius describe the arc h c, which 
will complete the contour of the Conge. Or the centre d 




Fig. 161. 
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may likewise be fonnd by drawing b d verticallyy mnd nuJdng 
it equal to a 6. 

^ If the Conge eontains less than a quarter of a circle, as in 
Fig. 16d» let be he the tangent to the curve at the point b ; 
on the vertical «/, set off the distance c d equal to c ( ; draw 





Fi0. 1(12. Fig. 16a. 

be »,i right angles iobe, and de si right angles to cd; from 
the point «, as a centre, describe the arc bd, which will 
complete the contour of the moulding I df. 

To describe the Roman Cyma-recta, or Ogee, Fig. 164, join 
the point of recess a to the point of projection b by the line 
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Fig. 164. 



Kg.l6S. 



a b ; bisect abin c; with the distance b e from the points c, b, 
describe the intersection e ; and from the points a, c, with the 
same distance, describe the intersection d ; from d, with the 
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distance da or de, describe the arc a e ; and from e, with 
the distance eb or ec^ describe the Bxcbe; and acb will be 
the contour of the Cyma-recta required. The projection of 
the upper end of the curve over the under, as n 6, Fig. 164, 
is generally equal to the height of a n of the moulding. If 
the curve is required to be made rounder, we have only to 
use a less radius than that of a c or c 6, in order to describe 
the two portions of its contour. 

The same description applies to the Oyma-reversa, Fig. 
165, letter for letter. 

The Greek Cyma-recta is little different from that just 
described, except that its projection over the under fillet is 
less than that of the latter, and that its curvature is also 
less. 

The nature of the Greek Gyma-reversa, or Talon, is repre- 
sented in Fig. 166. To construct the moulding, join the 

points a 6, the extremities of 
the curve ; bisect a 6 at the 
point c; upon be, as a dia- 
meter, describe the semicircle 
edbf and on a c describe the 
semicircle aec; draw perpen- 
diculars d and ef from any 
number of points in be and 
e a, meeting the circumferences 
**' ^^ of the semicircles ; from the 

same points draw a series of horizontal lines, as represented 
in the figure, equal in length to the corresponding perpen- 
diculars, on equal oi,/^ equal to /^, &c. The curve line 
hnega, drawn through the extremities of the lines, will be 
the contour of the moulding. 

The curve might be made flatter by using arcs of circles 
of a greater diameter than a <; or c ^, as the height, o d, of 
the arcs would not be so great as it is in the figure. This 
will be exemplified in describing Fig. 169 following. If the 
appor part bnche required to be larger than the under part 
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e ay of the contour, this may be effected by shifting the point 
e nearer to a before drawing the circular arcs. 

The Cjmsk, like the Cavetto, is always used as a finishing, 
and never applied when strength is required. 

To describe the Scotiay Fig. 167, the extremities a and b oj 
the curve being given. — ^Draw the perpendicular a c, then I c 
is the projection of the curve or moulding ; draw the per- 
pendicular be; add one-half of a c and two-thirds b c into 
one length, which set off from h to d; from the centre d. 
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Fig. 167. 



Fig. 168. 



with the radius bd, describe the semicircle b/e; join ea^ 
and produce it to/; then join dfy cutting ac in ^; from g, 
as a centre, describe the arc af; this arc, in conjunction 
with fc/, forms the contour, afb, of the Scotia. 

Another mode of describing the Scotia is shown in Fig. 168. 
Join a and b, and bisect ab in e; draw ecd horizontally, 
and make c d equal to the required recess of the curve, and 
e e equal io cd; di^w/d g parallel to ab; divide af and a c 
into the same convenient number of equal parts, and to the 
points of division in af draw straight lines from d ; draw 
also straight lines from e through the points in a c till they 
meet successively the lines drawn to af. Having performed 
the same operation on the upper side, the series of inter 
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sections thos found are points in the onrve, and b; dnwinj;; tt 
line through them the contour will ba obtiuned. 

In Fig. 169 a method ia given somewhat similar to that 
nsod at Fig. 168. Join ab, upon which describe the semi- 
sircle adb trom the centre o ; draw a series of lines per- 
pendicolarly from a b, meeting the drcomferenoe adb; 
draw also a fieriea of horizontal lines from the same points 
in a 6, as shown in the figure, making these lines equal to 
the corresponding lines in the semicircle, e a equal toed, As, 
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The extremities of these lines will be as many points in the 
cnrve. If the receaa of the curve is required to be less than 
ee, ae, for instance, en, then set off eo equal to en, and 
describe an arc a e 6 from the centre t. By the method in 
the former case we find tbe contour anb. 

The mode first described, to produce a graceful contour, 
shonld be confined to medium proportions. For example, in 
Fig. 167 the projection ia two-fifths of the height. 

Tofind ths gradation of tkefiutea on the eUeation of fluted 
columni. 

FmsiLT. When the column is parallel. 

Let A, Fig. 170, be the elevation, having its oppodto 
tiides parallel. On its centre line n, and with a radius 
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equal to half diameter of column, draw a half-plan b, (a 
half being anffioient for the purpose). Divide this eemi- 
drcomference into the required Dumber of flates, r, i, (, ice, 
and £rom these Ante points draw the vertical lines e,/, g. 



laking the plan of the 
&a., with the aame 
1 the oiroumfereuce, 
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&,e., in elevation of colnnm a, 
flataB, deHcribe the arcs as at e, t 
requisite radius from each division 
and from the interaectiona c, m, 
&c., describe the circle of flute 
as at d, k, &e., between each of 
the divisiousi 

3E00HDLT. When the colnmn j 
is tapered, Fig. 171. 

Draw the half-plan of top 
and bottom of colnmn as at a 
and d, divide the larger semi- 
circle d into the required nnm- 
ber of eqoal parts for the flutes, 
and from which divisions draw 
to the centre the radial lines a, b, 
c, Iba., and which will divide the 
lesser semicircle e at the same 
time, and from the points/ and Kg. iTL 

ff, where the radial lines intersect the circles, draw vertical 
lines as at i and h, &e., which will give the points on 
top and bottom of elevation, between which, when the 
lines k, &e., are drawn, vdll be obtained the elevation of 
the flutes as required. A plan of a tapered Anted column, 
when divested of initial circles e, d, and radial lines a, 
b, e, &o., wil! bo as represented in part at I m. 

Thibbly. When the colnmn is barrelled. Fig. 172. 

The process is somewhat similar, only the elevation a 
must be divided into a nnmber of horizontal parallel lines 
a. b, e, tcD., to represent thf different diameters, and which 
are necessary for intersectional points. & the half- 
plan B draw the semtctreles equal to the diameters a, b, c. 
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&e., on elevation, and as indicated by the dotted vertical 

lines d, e^f, &c. The lines B,t gh being squared down from 

the points where the radials 
cut the respective circum- 
ferences to the horizontal 
lines Uf b, c, &c,f on eleva- 
tion A, give the several points 
for the curve. The process 
is the same at each radial 
line, giving the curve points 
for each flute in elevation. 
The curves are drawn in by 
the moulds described in 
Chapter IV. 

In the diagrams just de- 
scribed the figures are exag- 
^•^^^' gerated in their proportions 

in order to render the process more distinct. 

Wheel Work. — In drawing the plan or end view of a spur 

wheel, Fig. 178, the process is the same as at Fig. 170. 




A 




Fig 17a 

The T-square is placed at the several points of the teeth 
in view a, and the horizontal lines drawn in the end 
view b, as shown in diagram. In spur wheels and pinions 
the diameter (as has been said elsewhere) is always taken 
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at the pitch line^ a. Fig. 174, which line rnns through 
the broadest part of the npper halves of the teeth, and is 
coincident with the line of contact with the wheel or pinion 
with which it is intended to work. The distance between 
the centres of each pair of teeth be, ed, &c., is measured 
on this line, and is called the pitch. The form of tooth, 
thongh variable, is usually similar to that shown in diagram 
Fig. 174. Having divided 

the pitch line into the x >». r x>- \ ^ 

number of equal divisions / X A A \ 

for number of teeth, and 

the half breadth of the 

tooth having also been 

marked off on each side ^' ^'^^ 

of its centre on the pitch line, with the radius eg, and from 

c as a centre on every tooth, describe the arcs g and t, which 

give the form of the lower part of the teeth ; then with the 

radius c e, with c as a centre on every tooth, describe the 

arcs and/, which give the form of the upper part of the 

teeth. The pitch line being kept nearer the outer edge than 

the middle of depth of tooth, gives a broader base to them 

for strength. In proportioning the teeth of wheels, the 

application of the following rule has been found in practice 

to work well : — 

Depth from point to pitch line . . 6^ parts. 

„ pitch line to root of tooth 6i 
Whole depth of tooth . . . .12 

Working depth 11 

Thickness of tooth 7 

Width of space 8 

If a plan a as well as a fr'ont view 6 of a 
spur wheel is required (Fig. 176) ; having once 
^ound the front view of the teeth at b from a 
face view e; it is unnecessary to repeat the 
process by drawing a temporary face view of wheel opposite 
a for again finding the lines of teeth, the lines can be easily 
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marked off from h on the straight side of a slip of thin 
paper and transferred to the view at a. 

Bevel wheels and pinions and mitre wheels, the latter 
being two of the same diameter working together, are simply 
frnstmms of cones, the line of contact of teeth of either class 
terminating in the same centre or apex, as shown in Figs. 176 
and 177, the former showing wheel and pinion, greater and 
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less, and the latter mitre wheels. In either case a good deal 
of care has to be exercised in projecting the teeth properly. 

It is easier to draw a pair of mitre wheels in gear, than 
bevel wheel and pinion, as one face view of one of the 
former serves to project the teeth for the other of the same 
size working into it ; biit in the latter a face view (or half, 
which is sufficient) has to be drawn of both wheel and 
pinion. In every case where side views only are shown, 
the teeth can only be projected from a face view, even 
though it has to be effaced again after the operation. 
As the process is the same for each of these classes of 
wheels, the explanation of the subjoined diagrams, Figs. 178 
and 179, of mitre wheels will be sufficient. 

1. Having determined the diameter of pitch line, draw 
a vertical line— on which set off the diameter a b. Fig. 178, 
bisect A B in c ; from c as a centre, and with radius c a or 
*» B, draw the circle or pitch line a c? b «. 

2. Through e draw the centre line <2 « at right angles 

to AB, 
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8. Braw the vertical tangent line fg of a length eqnal 
to A B, and which will be one pitch line of side view. 
4. Join, by straight lines, fc and g c, which will form the 



Fig. 178 



Fig. 179. 




Bjdep of the cone, or the angle of line of contact of the teeth. 
5. Having fixed on the length of teeth /A, draw the line 

F 2 
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h i parallel tofg. This line will be the pitch line of teeth at 
inner diameter of side view of wheel; and through the 
point k, where it cuts the centre line d e, and with radias 
c k, draw the inner pitch line circle of face of wheel klyz, 

6. Having fixed on the dimensions of teeth, space, and 
pitch ; on the greater pitch line AdBe pitch off the centres 
of teeth as at 1, 2, 8, &c., and through these centres draw 
the radial centre lines of teeth c 1, c2, &c. 

7. On line fc, Fig. 179, corresponding to the line /c in 
Fig. 178, mark off the length of tooth a 6, draw in the ends 
at right angles to the line /c, on either side draw in the 
depth of tooth mn, and from the top and bottom points 
draw the radial lines p, o, to the centre e ; from the same 
points draw the horizontal lines r, «, and also the lines t, u, 
from the points b'b to the vertical centre line w v of face of 
wheel, and from c, as a centre, describe the semicircles 
corresponding to these half-diameters cr, cs, ct, and c u, 
which will give the face view of the line of top and bottom 
of teeth. 

8. On face view, from radial line mark off the half thick- 
ness of tooth on each side at pitch line,* and at top and 
bottom of outer end of each tooth at 6 and 7, Fig. 179, on 
the circles corresponding to r and 8. 

9. From these points draw in the radial lines towards the 
centre c, into which centre, with great advantage, a fine 
needle may be put to bear the front of straight-edge, and 
thus complete the sides of teeth as at x. The points for the 
smaller ends of the teeth will be found from the radial 
lines cutting the respective inner circles. The side view of 
tooth at m being simply drawn in to assist in finding the 
diameters of the circles in face view, will be almost hidden by 
the other teeth when all are projected back from hce view. 

Having drawn in the body of side view of wheel on which 
the teeth are to be projected from face view, and the line of 
top and bottom at each end of teeth as at a 5c (2, Fig. 180, 

* When of the curyed form to a large scale. 
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square the points ^/and po on face view to gh and i h on the 
vertical lines of side view, and join g h and i k. The lines 




Fig. 180. 

Imn^ drawn from the points of large end of tooth hik, and 
from the corresponding points on every tooth, are all radiated 
to the same centre, as were the centre lines and sides of 
teeth in face view, the points for the inner ends of the 
teeth, as already referred to, finding themselves both in face 
and side view. As the process is the same in each tooth as 
in that just described, the one definition, with the aid of the 
dotted lines as shown in Fig. 180, and with an example 
drawn in fully as at Fig. 181, will be found sufficient. If a 
face view is not required, but only a side view, then the 
four points efop, Fig. 180, of each tooth are all that are 
necessary in a temporary face view from which to draw in 
the teeth of the side view. 

If the face view is to be shown in conjunction (or geared) 
with a side view, and not two side views, then the teeth 
which were first drawn in on the face view for projecting 
the side view must be drawn in where the spaces were 
between each tooth for the finished drawing of such face 
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view ; if drawn in as at first projected for finding the points 
for the teeth in the side view, it would not present the 
spaces for the teeth of side view of wheel to work in. The 
relative change in position of teeth will be observed in the 
diagram of mitre wheels at a. Fig. 181, they having the 
same diameter and number of teeth as in diagram Fig. 179. 



D 




If only two side views and no face view is reqnired, 
having fonnd one side view &om the points on the latter 
(temporarily drawn for the purpose), snoh points from the 
one finished side view can be transferred on the straight 
edge of a strip of thin paper to the other side view to be 
drawn. It wonld look more uniform to have a tooth 
exactly in the centre, which mast he arranged at the 
beginning of the process. In projecting the teeth on side 
view as in Fig. 180, the points shonld be found and the 
teeth drawn in on each side &om the. centre outwards, 
as they graduaUy conceal each other in receding from the 
centre. By observing this, much rubbing out of useless 
lines will be avoided. 

In Irawing mitre or bevel wheels in an oblique positdou, 
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mach tlie same process as that jast dsBcribed is applicable ; 
with this difference, that the circles when viewed in their 
obliquity are elhpses, and which the foUowing diagram, 
f^g. 182, will further explain. 

A is a side view of the wheels (the teeth being drawn in 
complete in each, from a &ce view, as previonsly described). 
Directly over a is the required view b. (To find tbeellipees, 
see diagram foUowing, Fig. 188.) 




Fig. IM. 

Tbe several points of the teeth as at e, c, in view b, on 
their corresponding circnrnferences (the ellipses) are set oS 
vertically from the several points of the teeth in view a ; 
vertically, also, over the point d on horizontal centre line of 
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wheels b is the point e, to which all the lineH are drawn (rotu 
the several points On the ellipses in both wheels, and as 
described at Fig. 179. 

It Is a convenient and more correct metiiod, where the 
teeth points come closer together towards the edges of the 
wheels a, to have tie side view of the wheels set off 
vertically at either side of view b (or a face view wonld 
be equally suitable) for laying off the points horizontally 
on the right and left sides of the ellipses. 




To draw the plan, or JYotit rtwt of the end of a cylinder 
lying obliquely, »ucA oj in those of oscillating engines. 

Draw a side view a of the cylinder, Fig. 188, at its re- 
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quired inclination, and at a convenient distance from the 
required position of the plan o or front view d. 

To find the points of the ellipse ; on the centre lines of o 
and D, draw semicircnlar plans e and f eqnal to diameter of 
cylinder opposite each view o and d ; divide the line gh on 
side view a into any number of equal parts, and divide e 
and F into the same number of equal parts of equal widths 
with the other, as represented by the parallel lines in each ; 
from the points on the line ^ ^ on side view a draw the ver- 
tical lines ^ to o on plan, and from the points where the 
parallel lines intersect the semicircle e draw the horizontal 
lines pp, cutting the vertical lines k, A curve line drawn 
through the intersectional points will give the plan of end 
lying obliquely as required. 

From the same points on g h, on side view a, draw the 
horizontal lines m to d, or front view, and from the points 
where the parallel lines intersect the semicircular plan f 
draw the vertical lines nn, cutting the horizontal lines m. A 
curve line drawn through the intersectional points will give 
the front view of end lying obliquely as required. The curves 
at the opposite ends in each view are the same. In draw- 
ing the lower ends of such cylinder, a pencil tracing of the 
curve found for one end can be transferred to the other end 
of the same view by turning the tracing upside down, taking 
care that the centre lines, which must be put on such 
tracing, come exactly over the centre lines of the curve to 
be drawn. If the back of the pencil curve on the tracing is 
gone over with a fine-pointed pencil, it will leave a sufficiently 
clear line to ink it in by, and save repeating the process 
just described twice over. Indeed, in all curves where both 
sides are alike, if one-half only is found and traced, this 
method saves time by rendering points for both sides un- 
necessary. 

Note. — ^In any diagrams such as that described, it is not 
absolutely necessary that the parallel lines referred to in the 
semicircular plans e f should be equidistant, only that they 

F 8 
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ehotdd agree in each relative view or plan. It ia nsual to 
make them eqoidista&t, as it is more Bymmetrical, and in 
one sense easier, one width in compasses serving for the 
whole. 

It frequently occtirs that in oscillating engines the slide 
valve casing is to the right or left of centre of front of the 
cylinder. The projection in a front view for an inclined 
position is found in a sintilat maimer to that when snoh 
object is in the centre Of the cylinder. 

Let A, Fig. 184, be the front view of the cylinder on which 
the object is repaired to be projected. Draw a plan b, of 




the object in its position, also a side view o, of the object at 
its required inclination, the distances e d and «/, Ac, in such 
side view o, corresponding to the distances e d and e/, &c., 
in plan b, each being measured from and set off at right 
angles to the respective centre line x e. From the several 
points of the object in side view o draw the horizontal lines 
as shown (dotted) to front view a ; also the vertical lines as 
°>"iwn (doited) from the Be"etal points of the object in plan 
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fi, to front view a. Their intersections with the horizontal 
lines from o will give the points of projection for the object 
on front view as required. If the cylinder and casing were 
in a vertical position, the plan b only would be necessary, 
as the heights of required object would be set off on the front 
view, instead of on a side view, as at o, when inclined. 

Other objects under similar circumstances would be pro- 
jected in the same manner as that just described. 



ftttecti 




In drawing the front or back view, or plan of the engineer- 
ing detail, shown in accompanying diagram, Fig. 185, when 
the object is lying obliquely, the points for such views have 
to be projected, as in similar cases, from another view than 
any of those named, even though it has to be effaced again 
after such process, if not required for the drawing. The 
view require*! for finding the points of those in Fig. 185, at 
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A, B, or a, wonld be a side view, as shown at D. Snoh viewa 
as k, B, and o have Uieir right breadths or thicknesses pnt 
exactly on them thronghont. The dotted lines will be quite 
snfficient to show withont iiirther explanation how the 
oblique positions of the porta in the Beveial views are fonnd, 
the lines £rom the central fignre d to the views on right and 
left of it being horizontal lines, and those npwards to the 
plan B being vertical lines, or at right angles to the right and 
left horizontal lines. 




Tojind the curve at either end of the side view of a crank web. 

Let «, Fig. 186, be a part of 

the side view of a crank. Draw a 

corrcBponding part b, of plan of 

rtrS\. B \ crank. From the centre s. of crank 

^ I { T'^^'w— J eye, with any radii (bo that it is 
I the curved part of web), de- 
scribe the arcs, as at e h, &c. ; from 
I e draw a vertical line, cutting the 
profile of cnrve at/; from the 
point / draw the horizontal line 
/ g ; and from the point k, where 
the arc eft cuts the side of the 
crank web, draw down a vertical 
line, catting the line/^in t; twill 
be one point for the required carve. 
Repeat the proceeB from any othei 
arcs, as firom d, &c., which will 
give other points for the curve 
required. The same process is 
i^. iBT. applicable to the ends of rods 

where they change from the oircnlar into the flat butt, as 
shown at b and a, Fig. 187, giving plan and side view. 

In projecting rivets of the conical form on the side 
view or plan of a round boiler, the procesB is similar to 
ihat for finding the points at Fig. 17S. The rivets, other 
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than UiOBe immediately in front of tha observer, wbeio 
the diameters are seen equally, as they recede, appear ellip- 
tical; the horizontal diameters* are all of the same breadth, 
their diminishing diameters being in the vertical direction. 

Let A, Fig. 168, be a side view of the object referred to. 
Draw part of an end view b, of ontline of boiler, on which 
to pitch off the rivets at their required distances ; also a 
longitndinal section, o, on which to project the beads of the 
rivets in interior view, each view in a direct line with 
exterior side view A. 



The rivets on end view (or section) b having been eqnally 
divided from centre to centre, draw a centre line through 
each point as shown at ef, the point/ being the centre 
of the circle or qnadrant g h. Bet off the height of a rivet 
outside, and thickness of a rivet head inside of section b, 
and draw the circle i k passing through the point of height 
of rivet, and which, cutting all the radial centre lines, will 
set off the height of each rivet at one operation for outside, 
and the inner circle Im for tlie thickness of heads inside. 
Take the half diameter of bottom of rivet (or the base of the 

* SappOBmg tlia vievB refwred to are dratm hoiizontallj aa in 
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Fig. 189. 



cone), and lay it off on each side of its centre line. Draw 
the sides of each rivet from these points of its diameter at 
hase to the point of its height already found by the circle 
i k cntting the radial or centre lines. For the head, lay off 
each half diameter, a c and a c{ (as shown on a larger scale 
at Fig. 189), from their centre lines ik. Draw lines c e and 
df through these points and parallel to the centre line i k, 
or, in view b, from/ as a centre, describe a circle equal to 
the diameter of rivet or head ; and having set the parallel 
rulers to the centre/ and centre line of rivet, draw the outer 

diameter of each rivet, as at q o, equal 
to the diameter of circle at/. The point 
h, Fig. 189, through which the circle 
passes (as already referred to), being the 
thickness of head from a. Set the 
parallel rulers to the points where the 
circle I m cuts the side lines of diameter 
of head ef, and draw the line g h through 
the point b parallel to «/, which will complete the head of 
rivet. 

In views a and o, Fig. 188, the centre line a b having been 
drawn in vertically at its proper distance from the end n, 
set off the lines for the half breadth of rivet on each side 
of it, and square across the points from the top, bottom, 
and centre of each rivet from outside of view b, as indi- 
cated by the dotted lines c, to side view a, and from 
the heads hxside at d to interior view o. For a drawing 
to a small scale it may suit the purpose to draw in the 
ellipses through the four points thus found for each rivet head 
by hand ; but for a full-sized rivet, the process of drawing 
in the ellipses correctly requires further explanation, as more 
than one vertical and one horizontal diameter is requisite. 

In Fig. 190 the process for finding the points of the ellipses 
(or bases) of the rivets as they recede is shown more dis- 
tinctly by using a larger scale. 
Let A be the side view, b the end view, and c the interior 
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view of the iron plating, of which the lines de andfy in end 
view B represent the outer and inner surface. 

As in the previous instance, draw in the form of rivel 
ImriyOn end view b, and draw the lines ior breadth (or hori- 
zontal diameters) of rivets hi on side view of plating a. 
Draw the semicircle hki equal to the horizontal diameter, or 
breadth of rivets; divide th and ti into two parts, it may 
be equal, or if nearly so, will suit the purpose, tp and t r 

^ \s ^ X ? 




ilg. 190. 

being equal ; draw the vertical lines p o and r q (which will 
be parallel, of course, to the vertical centre lines s t), cutting 
the semicircle at u and v. 

On end view b mark off the points w y and w x equal to 
r t? on side view a ; fi.*om the points y and x draw the hori- 
zontal parallel lines to side view a, and where the vertical 
lines op and qr cut the horizontal lines from y and x at z^ 
will give four more points through which to draw the ellipse 
than could be given in the small scale of the first diagram. 
The dotted lines c ci and c V in view a indicate the centre 
liue of the object viewed obliquely, and are found by 
drawing the horizontal lines from m and w respectively ; no 
such lines, however, should appear in a finished drawing, 
the apex only being indicated by a point at c* In each 
rivet the same process is applied. What has been already 

* The natural form of such objects in a siniilar position is best 
shown by shading, in a shaded drawing. The same remark applies to 
the front view of the lower part of the stuffing-box of a cylinder covez, 
kQ,, lying obliquely. 
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explained in regard to the top of the rivet is eqaally 
applicable to the head, as shown at o, the dotted lines being 
presumed a sufficient guide, and the whole process being 
somewhat similar to that described at Fig. 188. 

In the view b the lines d e, &o.y are assumed for such 
short length of curve having a large radius to be straight 
lines, and which for all practical purposes would be suf- 
ficient ; but in a quick curve, as in diagram d, Fig. 191, the 
following rule is observed : — 




Fig.m. 

Divide the half diameter a by any number of horizontal 
divisions (equal being convenient), and with the same dis- 
tance in the compasses from the centre line m, and on each 
side of it, on the curve, set off an equal number of divisions, 
proceed as shown in diagram, Fig. 188. The curve line b 
passing through the intersectional points will be the view 
required. 

Note. — ^The curve is simply that of a circle bent round a 

cylinder ; were it the curve produced 
by a regular cone (which that de- 
scribed is not), intersected by a cylin- 
der at right angles to axis of cone, 
the process would be as follows : — 

Through any point, x or y. Fig. 192, 
draw a straight line at right angles to 
centre line of cone m, intersecting the 
^^ sides of cone at ab. At any con- 

venient distance on centre line m draw a circle of corre- 
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Bponding diameter to a 5 in section of cone ; from the point 
y draw a straight line y I, parallel to centre line m, inter- 
secting the circle at u Z ; ul will be the distance horizontally 
between two points of the curve relatively, as ;s; in view a, 
Fig. 190. 

To find the horizontal diameter at w, — Through the point 
w draw a line parallel to ab; the diameter will be the dis- 
tance between the points of its intersection with the sides 
of the cone.* 



In making a drawing of a six-sided nnt, the half of dia« 
meter a, Fig. 198, is taken as a radius from the scale with the 




Fig. 193. 

pencil-bows, and a circle drawn of the proper diameter. A 
vertical line b e, or horizontal line e c, is next drawn 
through the centre of the circle and depending on the posi- 
tion the angles of the nut are required to be shown ; then, 
with half the diameter in the compasses, the circumference 
of circle is divided from b, c, or e into six equal parts, and 
between the points, the straight lines, as at d, &c., are 
di-awn, completing the hexagon ; or the T-square and angle 
of 80® may be employed (as indicated in the diagram at o), 
VTithout dividing the circumference by the compasses. 

The side view of the nut is completed as in subjoined 
diagram. Fig. 194, the dotted lines sufficiently explaining the 
different radii for the curves. 

In drawing a side view of any object where a front view 

* For a similar object on a larger scale more intersectional points 
than those given, as at x and p, would be necessary to insure correct- 
ness, and may be chosen anywhere in the curve. 
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is also given, as, for example, in Fig. 195, a is the proper 
position for the side of the nut, of which b is the front view. 
In the diagram adjacent to it the side view c, should never 
be drawn as shown, with its back tamed on its front view d. 





Fig. IM. Fig. 196. 

This principle holds good in all larger objects of the same 
kind, especially in finished drawings, and referred to pre- 
viously in this chapter in regard to end views with eleva- 
tions. 

Note. — If a temporary plan, &c., is necessary simply for 
finding points in an intersection or other view, it is quite 
immaterial where it is placed, if it is in a position suitable 
for the required purpose. 

Intebseotions. — ^In the details of machinery there are 
numerous instances where one part appears to be fitted or 
mitred upon another, and sometimes one portion seems to be 
penetrated, or completely passed through by another. All 
snch appearances of the interruption or penetration of parts 
by oco another may be called the penetration of solids, and 
the lines of intersection where these solids meet and run 
into one another are the intersection of solids. 

In a side view of such a common object in engineering as 
a round pipe joined at right angles, or square to another 
round pipe of the same diameter, the formation of the 
joining is an operation simple enough to perform, as it will 
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be a straight-line joint, as at a and h in each of the sub- 
joined examples shown in Fig. 196, and of which d ef sxe 
the respective plans. The diameters being alike, the points 
e terminate vertically and horizontally in the centre. But, 
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Fig. ied< 

when a smaller cylindrical object is joined at right angles 
to a greater, as in Fig. 197, the operation is not performed 
with so much facility, as the joining in the side view is a 
curved line. 

To find the intersectional curve of two cylinders of unequal 
dmmeters joined together at right angles. 

Let A and b. Fig. 197, be the side elevation of the objects 
on which the curve is required to be drawn, and of which 
c d and ef are their respective centre lines. Draw a half- 
plan a, of the objects. On centre line ef^ with radius equal 
to the half diameter of smaller cylinder b, and at any con- 
venient distance from it, describe the semicircle h. 

Divide the half diameters e p and n m into the same 
number of corresponding divisions as at 1, 2, B, 4 and Z, k, i, g. 
From the points ^, t, k, I, draw horizontal lines to the circum- 
ference z of larger cylinder ; from the points in the semi- 
circle H, where the vertical lines 1, 2, 8, 4, intersect it, draw 
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tiie horizontal Imes tu at u ; from tbe points where the 
horizontal lines from g, i, k, I intersect the oircnrnferenoe a of 
larger cylinder, draw vertical lines t intersecting the hori- 
zontal lines w at 6, 6, 7, Ac., through which points draw the 
curve line y, which will be the intereectional cnrve required. 




To find the interaection of a rectanguhr object mtk a xne, 
centTol and at right angles to the axU of cone. 

1. Draw a vertical centre line, Fig. 198, on which set off 
the height of the object A ; draw the horizonM lines for the 
ends of object, and on these lines set off the half of each 
diameter for each end &om the centre line, as at ab and e 
(as described in Chapter XII,), and join a c and b d. Draw 
in its position, the depth of the rectangular part of the object 

2. At any convenient distance draw a horizontal line 
V u, as a centre line for the plan b of the object, and on 
which the halves of whole diameters or breadths are to be 
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laid off on either aide of it, (An isverted plan wOI be more 
convenient for the required purpose.) 

8. At the central point z, and with a radins eqnal to 
half of a h, draw the circle n, and with radius eqoal to 
half of e d, draw from the same centre the circle o — corre- 
sponding sererally to greatest and least diameter of conical 
object. 

4. From 2 as a centre, draw the dotted circles q and r 
of diameters corresponding to I m and t ^ of side view. 




8. On plan n draw the breadth, or plan, of posHages 
p p, and where the lines p p tX inner ends cat the leaser 
circle q at «, it will give the point t on line g hon side view ; 
and where the lines p p cnt the greater dotted circle r at u, 
it will give the points x on line «/ on side view, 

6. Join !E t by the lines y, which will be the termination 
or intersection of the inner ends of rectangular paSBages with 
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conical object, as required.* These points can be measitred 
from their respective centre lines on either view, applying 
ench meaanrement to the other ; or by squaring them tip or 
down with the T-eqnare. 

In engineering objects of a similar description to the fore- 
going, the object intersecting the cone is more fireqnentl; 
cylindrical than rectangular, and joined to the cone as in the 




former case at right angles to its axis. The cone in accom- 
panying diagram, Fig. 199. is enlarged, to render the process 
of finding the intersection, which is a carve, more distinct. 



To find the etirve. 

1. Let be the side ^ 



1 which the curve is to be 



* On a small scale the liaea x I, foe all practical purposes, may be 
iniwD straight, the cqire (which is hvperbolio) is so slight. Sea 
Chapter XL, Fig. 13S. 
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drawn. Draw ft half of front view a, of cylinder, also a 
naif-plan b, of conical object inverted (the half of each of 
these being sufficient for the purpose). 

2. Proceed exactly in the same way as in the case of the 
two cylinders (described at Fig. 197), but extend the hori- 
zontal parallel lines r, s, t, &c., from the points where the 
vertical lines intersect the circumference of front view of 
cylinder a, right across the diameter of cone to g hy &c.* 

8* With the half n g, &c., of each of these diameters as a 
radius, draw the dotted circles in plan b. 

4. For convenience, transfer front view of a to d. 

5. Produce the parallel lines d, e,/ in. view d to the plan 
B, and from the points where they intersect their respective 
circles draw the vertical lines i, ky Z, &c., cutting the corre- 
sponding lines of the diameters g and 
h, &c., a.i o p qy &c. ; and having 
similarly found all the points on the 
respective diameters of the cone from 
the plan b, a curve drawn through 
them will be the required line of 
intersection. 

In inverted plan b, a curved line m 





Fig. 200. 



Fig. 201. 



passing through corresponding points as those already found 

* Or the lines in cylinder A may be drawn horizontally across, in 
which case, when transferred to position d, they would be vertical, or 
the reverse to that shown, the intersections producing similar results 
to that described. 
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on opposite side of centre line at u, &c,, will be the inverted 
plan of intersectional curve. 

In Fig. 200, the side view of a cylindrical object a joined 
vertically to a sphere b, the intersection is represented by a 
straight line cd. 

In Fig. 201, the side view of a rectangular object a (and 
of which B is a plan) joined vertically to a sphere o, the 
intersection is represented by a part of a circle. To find 
which — 

1* Draw in a centre line h i, and from the points d and e. 




Fig. 202. 

where the sides of rectangular object cat the circumterence 
of the sphere, draw a horizontal line d e, catting the centre 
line at/. 

• 2. From g, the centre of sphere, and with the radius gf, 
describe the required circle w/n. 

In Fig. 202, the side and end views of a rectangular object, 
of which A is a plan, b a side view, and d an end view. 
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joined to a sphere e, and central on its axis, the intereection 
at such side and end view will each be part of a circle. 

Id Bide view b, the diameter of the circle required, of whieh 
e fn is the radius, ia equal to the diameter ej; and in the 
end view d, the diameter of the circle required, of which i k 
is the radius, is equal to the diameter g h, each described 
from the respective centres e and i of spheres e. 

From what has already been described in the foregoing 
diagrams, it is presnmed that in those which follow, in 
Fig. 203, the dotted lines will explain sufficiently. In the 
first diagram a (which is a cone intersected by a sphere), 
and in the second diagram a, additional sectional lines to 
those shown may be made, to render the curves of the 
intersections more aoctirate. 



Helix (oe Sobew). — To find thtjioinU for drmving i 
curve qf a common squwv-threaded screw. 



ikt 




Slg.30«, 



Let AB, Hg. 204, be the diameter outside the thread, 
and no the inner diameter, oa the pitch (or the dis- 
tance passed through by one revolution of screw, which 
for distinctness is here shown to be greater than it would 
be for an ordinary screw). Draw a vertical line fg, equal 
to diameter of screw, opposite its side view on, the centra 
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line e h being common to both. On « as a centre, with the 
radius «/, or eg^ describe the semicircle gif, which will 
represent the outer circumference of thread, and on « as a 
centre, and with radius ^ o or A n describe the semicircle m, 
which will represent the inner circumference of thread; bisect 
the pitch A in X;, which will be the distance of half a revolu- 
tion of screw — one half being sufficient for the purpose — and 
the part really visible to the eye of the observer, the other 
half being represented by the dotted line p; divide the 
quadrants ^i and/ i into any number of equal parts repre- 
sented by the radial lines 1, 2, 8, &e. Bisect rsial, and 
divide rl and Is into equal divisions as at 1', 2', 8', &c., 
corresponding to the number of the radial lines with similar 
figures in semicircle (and which semicircle corresponds to 
the half revolution c k). Draw vertical lines through these 
divisions, and from the point where the radial 1 intersects 
the larger semicircle draw a line parallel to e h, cutting the 
vertical line 1' of its corresponding division ; this will be one 
of the points for the curve. 

From the points in the larger semicircle intersected by 
the radials 1, 2, 8, &c., draw lines parallel to eh^ cutting 
their respective vertical lines T, 2^, 8', &c., and a curve 
passing through these points will give one quarter of the 
curve. The points in the lower part, completing the hall 
revolution, are found exactly in a similar way from the lower 
half ig of semicircle or quadrant. Having found one half 
thus, for practical purposes, when the remaining half is 
required to be drawn, it is easy to trace it, turn over the 
tracing, and prick it through, or rub the back of tracing, 
leaving the pencil mark, which will complete the curve for a 
whole revolution. 

The curve of the inner part of the thread is constructed 
precisely in the same manner. From the points intersected 
by the radials 1, 2, 8, &c., in the inner semicircle w, lines 
drawn parallel to the others for the outer part of thread, 
and cutting the same verticals 1', 2', 8^, &c., as in the other, 

a 9 
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will give the reqaired onrva, as Bhown in diagram. It ma; 
be mentioDed tbat the same semicircle with its divisiona is 
the same for any pitch, the diameter being the same. For 
ttiangnlar-threaded and iDtemal screws, as in sectioas of 
nats, the process is exactly similar, 
la a aeries of threads, as in Fig. 205, for the outer part, the 



oatlinea of each side of each thread are exactly alike, aud the 
onrves of the InneTpart a A on each side are also alike. In 
making a drawing of a screw snch as that represented in ac- 
companying diagram, the simplest way is, after having fonnd 
(by the process described at Fig. 201) the part of the carve 
&om e to i, to trace this half diameter and prick throagh the 
traced liae to a piece of cardboard or thin wood, and having 
cat the curve ont as a monld, by reversing it aad tnmiag it 
npaide dowa, it will be suitable for drawing in both sides, 
and both edges of every thread, the centres of each thread 
and space being drawn in previoosly as represented by the 
vertical lines e,f, g, h. It will be foond the easiest way to 
pursue the same method for the curves a and 6. In drawings 
to a small scale, the &ont view of the threads is generally 
drawn straight and at an an^e. 

NoTS. — ^Fot drawing In the proper number of threads to 
the inch to a given diameter of screw the following table 
will be found useful for the two kinds of threads in common 
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T-THBBAD0. 



gQtTA.RX THRSADB. 



Diameter in 


Threads per 


Inches. 


Inch. 


A 


20 

18 


A 


16 
14 


A 


12 
11 


f 


11 , 


ti 


10 




10 


if 


9 


i 


9 


« 


8 




8 




7 
7 


lif 


6 


li- 


6 


1 • 


6 


i 


6 



Diameter in 


Threads per 


Inches. 


Inch. 


IJ 


4| 
4} 


2 


2: 


4 


^ 


4 


% 


3n 


3 


8i 


3J 


4 


3 


3^; 


3: 


3 


4 


3 


4J 


2| 


4J 
4f 


2J 
2i: 


5 


2i: 


6J 


21 


5j 


2§ 


6: 


24 


6 


2| 



Diameter in 
Inches. 



Threads per 
Inch. 



A 



A 

i 



i 



if 

If 

If 
il 



9 

9 

8 

7 

7 

7 

7 

6 

6 

6 

6 

5 

4 

4 

3 

3 

21 

2J 



The angle of the V-thread is generally 55°, and the depth 
of the nut equal to the diameter of the 
bolt. 

In drawing the elevation of a circular 
staircase turning either to the right 
or left, of Which Fig. 206 is a view of 
the latter, a being a half-plan, the 
same process is applied as in drawing 
the thread of a screw. Fig. 204, and 
will be understood by the dotted lines. 

To draw a front view or plan of a 
worm, or screw wheel. 

The first part of the process consists 
in simply drawing a portion of the 
thread of a screw, its full diameter Fig.206. 

being cut off at each side, at a and d, Fig. 207, by the breadth 
of wheel c d — e d being less than the diameter ef oi screw. 
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liolgehd be tbe profile of worm wheel, and i the end 
view of Bcrew, or worm, draw a half-&ce view e of the 
wheel, having the same centre Une common to both views ; 
draw the centre line Im ihrongh the Bide view of wheel and 
screw, and when required to he very accnrate for the process 
on a larger scale then m e and m d may be bisected, mad 
lines dravni throngh the bisection parallel to I m, making 
semicircles in half-plan s to correspond; one line Im is 




sufficient in the present instance to show the process. The 
line R is the bottom line of tooth, the dotted semicircles 
r q representing the same in face k. Complete one tooth 
in centre of wheel as at e f, in the same manner as in 
drawing the threads of a screw &om an end view i, and as 
described at Fig. 204; from the points where the cnrra 
cuts the centre line I m and side lines g c and h d, draw 
down vertical lines « to face view k. The position of 
middle part of tooth requires to be shown distinctly (for 
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the procsBS only) as in sectional lines in r at ^. This 
process will give all the points for the end view of the 
carved tooth as shown at t. Having previously divided or 
pitched off the centres of the teeth as shown at 1, 2, 8, &e,, 
transfer the identical form of the tooth at t, to each division 
at 1, 2, 8, &c. ; front the corresponding points in each tooth, 
as at (, draw vertical lines up to profile view, which will 
give points for the proper form of each tooth, as it recedes 
to the right or left of centre of wheel, and as shown by 
the dotted lines t, drawn from a tooth x placed In its 
position at one of the divisions. Of conrse, no tvro 
cnrves of the teeth on profile are alike. These varying 
forms are drawn in with the monlds referred to in 
Chapter IV., and when thna completed snch representative 
lines as the dotted ones no, being only pencil hnes for 
finding diameteis in the face e, are not retained. Fig. 208 
is a fiaished view of a worm wheel made according to the 
process just described. 



The delineation of screw threads, &o., jnst describe* 
nntorally leads to the subject of screw-propellers, which is 
simply the common screw with a flat thread, the body or 
inner diameter of which is necessarily small in proportion to 
those in the examples already described. 

If it is required to find the sections at two or three places 
in the length of arm or blade of a screw-propeller, and to 
show the same in plan, proceed as before by drawing a half 
end view, as at a e b. Fig. 209, and make o n half the length 
of pitch, having the same number of divisions, 1, % 8, &c., 
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as in the Bemi-circnmfereiice a e b. From tiie poiuts h and i 
draw the horizontal lines p h and a I, interBeoting the semi- 
ciida at f and g, which will be the end view breadth of 
blade of screw. Complete the sides of blade to inner 
diameter u and v, to which also the points s and l corre- 
spond. If the section is in the position o p or q b prodnce 
tbo horizontal lines as shown firom the points oaandPB 




Fig; 209. 



to ft, It V, in the sides of blade h k and l i in plan, and com- 
plete the corves between $ v and t u, which will give the 
section at the parts required. These sections are fonnd as 
before, from the points where the radial lines in end view 
cnt the sectional arcs op and q b, by producing horizontal 
lines from snch points, catting the corresponding vertical 
lines 1, 2, 8, &c., in plan, which are common also to any 
diameter of thread less than a b, having the same pitch. 

In the subjoined diagrams. Figs. 210, 211, 212, are repre- 
sented front and side views of screw-propellers having two, 
three, and four blades respectively. The dotted lioes from 
the front views showing the corresponding points in the side 
views of each. 

In any long objects, such as shafting, when too long to 
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admit of full length to the scale on which the drawing is 
being made, the ordinary way is to show it as if hroken 





Fig. 210. 



Fi«.dll. 
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Fig. 213. 



C 



Fig.3ia. 



through. For iron work, it shonld never appear too ragged 
at the hreak. The hreak is made in the middle of the length 
shown, as at a in diagram, Fig. 218, or at any other con- 
venient place, depending on its surroundings. If it is a 
round shaft, it is better to show the section as in adjoining 
diagram — of an elliptical form, and more especially so if the 
drawing is only to be an outline — the extreme ends being 
finished similar to the object represented. If it is a square 
shaft, or any other square object, — as at section repre- 
sented 2iXhh; if a hollow beam, or square pipe, — as at c ; 
or a round pipe, or cylindrical object, — as at d ; greater 
thickness of material should be shown at the top and 
bottom than at the sides, in the two latter instances, thus 
showing a little perspective. Breaks in wood, and graining 
to represent oak, as in subjoined diagram. Fig. 214, are 

a 8 
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executed by the drawing pen ; and in doing more than one 
plank^ as shown in diagram, Fig. 215, at a 3 c, where they are 




Z 
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Fig. 314. 



Fig. 21ft. 



joined at the sides, the break at the ends shonld be such as 
to show each distinct &om the one adjoining it; and in 

showing a portion of iron plates, 
where two or three are joined 
together, the distinction of each 
plate at the ends shonld be clear, 
as in diagrams a and b. Fig. 
216. 

In any object where the full 
length is not to be shown, it is 
better to represent it broken off 
than squared off, as the lattei 
course would indicate the termination of its length. 







Fig.31«. 
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As a drawing is a series of boundary lines, the lines shonld 
be as line as possible, especially for a drawing which is to 
undergo the process of shading; The ink should not be so 
black for the latter purpose as for a drawing that is to be 
only an outline, so that the light lines may blend into the 
colouring. Lines for such drawings should be as nearly as 
possible 'Mength without breadth.''* Summer is the best 

* Lines should never be drawn of such a thickness all over as to 
suggest the question, Whether the right size is to be obtained from 
the outer or inner side of line f 
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for outlines ; for the paper being more dry, a clearer line 
can be drawn. In winter the paper will get damp under 
the best circumstances. A clean sponge, a tumbler of clean 
water, and a sheet of clean white blQtting-paper, should 
always be within reach, in case of any accident happening to 
the drawing.* 

Before rubbing down the Indian ink, it is necessary to 
have the palette quite clean and free from dust.f 

In not inking-in a drawing of an intricate kind until all 
pencilled in, the first pencil lines are apt to get obscure and 
cause confusion, to obviate which it is better to ink-in such 
tk drawing as the pencilling proceeds, taking care always to 
put in the parts of the object supposed to be nearest you 
fir^t. This method is especially advisable when the drawing 
has ISO be in hand for a lengthened period 

The ink should be at least a quarter of an inch up the pen 
or compass ink-foot. If a Httle brush is used, with which to 
supply the pen, it is better to keep it exclusively for such 
purpose, as it will be almost useless for any other after. A 
little slip of paper may be used, but the common plan {not 
the most cleanly) is to moisten the isik-foot in the mouth, so 
that capillary attraction will cause the ink to ascend. The 
mouth should be well washed out with water after meals, as, 
if the pen is the least greasy, the ink will not flow freely* 
The superfluous ink should be wiped clean off from each 
side of the pen, or it will probably blot the drawing. It is 

* Should a drawing get an ink blot, the blotting-paper should be 
applied first, and if clear of any lines on the drawing the place sponged 
immediately after, and if among lines, the part should be washed with 
a small hard brush instead of using the sponge, and the line renewed 
with very thin Indian in^, or with a hard fine- pointed pencil, or it 
will never be one with the other lines owing to the roughness of the 
part after the process named. 

t A common card, bent up half an inch at one end, will be found 
nseful upon which to place the Indian ink cake immediately after 
using, otherwise it is Ukely to soil everything with which it comes 
into contact. 

NoTB. — A little ox-gall mixed up with the ink assists it to flow more 
freely from the pen. It is sold in little pots at Sd, each. 
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better always to try the pen or ink-bows on the margin of 
the paper, taking care not to come within the cntting-off line 
of paper referred to in Chapter XTT,, before drawing the 
required lines or circles, so as to regulate the pen to the 
proper fineness. All ink circles or curves should be put in 
before any lines,* and any parts of circles inconveniently 
small for ink-bows should be put in with a fine-pointed 
metallic crow-quill. 

In using the ink compasses, the lower part of the legs 
should be as nearly vertical as possible. If it is attempted 
to draw too large a circle, the legs being at a great angle, a 
large hole will be made in the paper at the centre of the 
circle ; in a proper drawing the compass centre marks should 
hardly be seen. The ink leg, especially for small circles, 
should be shorter than the other. In drawing a circle the 
compasses should be held by the top, by the right hand 
(without holding the centre leg during the process in its 
position by the left hand) ; and in inking, the ink leg should 
be made to bear as lightly on the paper as is necessary to 
produce the circle. It is always necessary to see that the 
radius of ink compasses fits the pencil circle all round before 
touching the paper with the ink point. The reason for 
drawing in the circles before the lines is, it is easier to 
join the lines to circles the least thing ** out " than to join 
circles to lines a little out of the right place. 

In drawing a series of concentric circles, when not of 
large diameters, it is better to make the smallest first ; 
for if the compass leg enlarges the hole in the centre, 
which it is likely to do after describing many of them, 
it would be more difficult to draw in the lesser circles 
correctly. 

* If a larger circle has to be made than the ordinary lengthening 
bar will admit of, and to save the expense of beam compasses already 
referred to in Chapter IV., a piece of flat wood tied securely to the 
compasses, and having the ordinary ink-foot tied at the other end at 
the proper distance for the require radiiiH, will be found to answer 
the purpose. 
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The drawing-pen should be held as nearly vertical as 
possible ; bnt to get the point close to the lower part of the 
edge of the square — ^the top of the pen should be held with 
the least inclination outwards. The pencil line should just 
be visible ; the square should be held firm in position to the 
board by the left hand, as in pencilling ; and in drawing the 
line, if the points of the drawing-pen are not held in the 
direction to be drawn, it will leave the edge of the square 
(supposing the forward edge of points are inclined outwards). 
As a safeguard against such mistakes, some pens have the 
holder made with a part of it square. The pen should not 
be pressed unduly on the paper, or it will make a rough 
line. The line should be drawn always from left to right, 
and never in the opposite direction. After having got in all 
the circles, it will be found convenient while the square is on 
the board in one direction to draw all the horizontal lines 
first, beginning at the top, until the lowest is reached ; and 
then, with the T-square shifted to the bottom edge of the 
board, beginning at the extreme left, draw in all the vertical 
lines. 

A VTrong line should never be scraped out with a knife, 
neither should an ink eraser be applied, especially in a 
, drawing to be coloured. It is best to wash out a wrong 
line with a small hard brush, and slightly sponge over the 
place, through a hole of the requisite size cut in a scrap of 
drawing-paper to save the other parts of the drawing. A 
needle point will take out a short line in a way which leaves 
little trace of the error. If a line has to be drawn after 
washing out, it should be with thin Indian ink, or a hard fine- 
pointed pencil, as before stated. 

In sections of boilers, &c., where the thickness of iron 
plate is shown in section to any scale under three-eighths of 
an inch, it is better to make it a thick black line, a little 
thicker than any shade line, if any, in the drawing. 
Sections of the same material, when the scale is above 
three- eighths of an inch to a foot, should havA a double line« 
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In office outline drawings for reference, it is frequently 
the cnstom to outline the cast iron in Indian ink, the 
malleable iron in blue, the brass in yellow, and the copper 
in red. 

A drawing to be coloured should never have any dotted 
lines indicating parts of the machine not visible to the eye, 
as those parts are made visible by the lines. A highly- 
finished coloured drawing may not be a perspective view, 
but still it is intended to be a picture. Dotted lines, there- 
fore, should only appear in common or working drawings 
intended for reference, where they are very useful. 

Sections of end wood should be circular, especially if the 
drawing is only to be outline, to distinguish it from iron or 
other section, which should be straight and at the angle of 
45°. The wood can be done with the ink compasses and 
Indian ink if for outline drawing only, and with wood colour 
if a coloured drawing. In drawings to about one inch to a 
foot, if the grain circles are to be equidistant, spring bows 
ard the best for the purpose, as one whole turn of the nut 
will open the ink foot to the required distance after drawing 
each circle. If more than one beam end is shown, the 
centre of the grain circles should be in a different position in 
each section ; and there is more need for this variety when 
the ends are joined close together, as at a, 5, c, Fig. 217. 

Sometimes wood sec- 
tions are shown by alter- 
nate thick and thin straight 
diagonal lines, as at d^ 
Fig. 217. either in Indian ink or 

wood colour. These can be made with either parallel rulers, 
or with a little wooden angle of 45° moved along the edge 
of T-square, kept firm on the board by a weight on each 
end, and which is more to be depended on than the former, 
or with T-square set at the proper angle by shifting the 
stock, drawing aU the lines fine in first process, and making 
each intermediate line thicker after. It frequently happens 
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that beginners cannot do these lines very equally apart, and 
when two lines are much wider than they should be they fall 
into the second error of bringing the next line closer than all 
the rest to make up for the wide space, instead of gradually 
coming to the proper width again. When two sections or 
more of end material come close together, it is better to 
reverse the angled lines of section, leaving a clear little space 
at top and left side (or side the light is sup- 
posed to come from), as shown at a and 6, ^\ 
Fig. 218. 

In every section of the same kind this should ^ie* 218. 
be observed. The light space should not be shown where they 
join when flush or straight across. This will be more par- 
ticularly referred to in Chapter XVI., on shading and colour- 
ing. In engraved work of machinery, &c., where there are 
sections across material like that already referred to, it is a 
common thing to have the angled lines in the same direction 
throughout, as shown at Fig. 219 ; and it seems to look better 
thus in an engraving than in a drawing 
owing to greater regularity. This process 
is called hatching. It is almost needless 

Fte. 219 

to remark that no such sectional lines on 

transverse sections are ever pencilled in before inking in 

drawings under one inch to a foot, though large sections 

with the distance between each sectional line being Jth or 

ith of an inch, would, to look symmetrical, be divided by the 

compasses. 

A drawing gone over in the manner described, with fine 
ink lines, may be considered for some purposes a finished 
drawing, without shade lines, colouring,* or printing,! the 
superfluous pencil lines being rubbed out previously to cutting 
ofl* the sheet.^ 

* If the drawing is to be shaded, and should the lines not be so fine 
as they ought to be, a slis^bt sponging over them will tako off the 
Buperfluons ink, which would be apt to run in shading. 

t For which see Chapter XVII. 

I For cutting off see Chapter XXIII. 
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Shade lines,*— ^Sh&de lines, especially in an outline draw- 
ing, are considered by competent judges of such matters to 
be an improvement. They seem to throw out the projecting 
objects, as well as give effect to a recess, the line thicker 
than others adjoining showing apparently the side of the 
object very much foreshortened jf for which reason it is not 
correct to put a shade line on the side of anything cylindrical, 
though for uniformity's sake a line a little thicker than the 
fine lines of the drawing, but not so thick as on the objects 
with a square side, is necessary. If they are to be put on 
an outline drawing it is better to finish the drawing first by 
the ordinary fine lines than altering the pen for thick and 
thin lines every minute. Shade lines are frequently objected 
to in either outline- finished, or coloured drawings ; they are a 
matter of taste. When coloured drawings are to have such 
dark lines they should never be put on till after colouring, 
otherwise the brush in coming over them would cause them 
to run and blot. The ink for such purposes should be as 
thick as it will flow from the pen. A single shade line put 
on the wrong side of any part of a drawing by mistake would 

destroy the effect of the whole, 
whether for an outline only or a 
coloured drawing. 

In engineers' drawings the 
shade lines are generally put on 
the right and bottom sides of 
projections, as shown at a and 
h, Fig. 220 (the same as the sha- 
dows in their shaded drawings), the tops and left sides being 
opposite the light. 

In drawing a shade line on a circular projection, as at c, 

* If a drawing is to be yamislied, the shade lines should not be 
put on until after the sizing ; and in all shade-line work indigo should 
never be used instead of Indian ink. 

t Shade lines are therefore not suitable for isometrical or perspec- 
tive drawings, the sides, &c., of the objects in such drawings being 
fairly represented. Drawings for working to should never have them. 




Fig. 220. 
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Fig. 221, or on a circular recess, as at d, the thick lines should 
gradually terminate at a line drawn through the centre of the 









N 










circle at the angle of 45*^ to a 
horizontal line ef. This will he 
better understood after a perusal 
of Chapter XV., on Projection of 
Shadows. Shade lines should 
never be put on any plan of h ji j^ 
pyramid or conical projection, or 
recesses of similar form to those 
having the sides bevelled to the 
extent shown in diagram a, Fig. 
222. A projection or a recess hav- 
ing as little bevel as at c might be 
Fig. 222. improved by having slight shade ^* ^^' 
lines. In drawing the shade line on a circle a fine line 
should be made first, the ink points should then be opened a 
little after each time, and coming two or three times over where 
the line is to be thickest. The thickness ought to lessen 
gradually to the points already described, and should never 
exceed the half circle. 

In shade lining a cylindrical object, as a. Fig. 228 (of which 
B is an end view), if the plane e was in a line with the centre, 
as shown in view b, or above it, as at /, there should be no 
shade line from g to A, where the plane intersects ; but if 
the plane was below the centre of cylindrical object the shade 
line should be continuous on it. 

In a figure such as a hexagon or six-sided nut there 
would be three difierent thicknesses of shade lines, that at a, 
Fig. 224, furthest from the light, being the thickest ; the line h, 
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approacliing nearer to the light, being finer, c finer than hp 
and e, e, e, more or less nearly opposite the light than the 
others, being ordinary fine lines. Each individual straight 
Rhade line should be of nniibrm thickness. Every shade line 




Fig. 224. 

should be of a thickness regulated by its being more or less 
from the light side, as shown in the last and a^'oining 
diagrams. Fig. 225. 

In making a shade line on a short length of a segment of a 

circle, of large radius, a mould will 
be found more convenient than any 
compasses. 

The shade lines on breaks of wood 
Fiff.225. ^^ ^^^ should hav€f as much care 

as the shade lines on any piece of machineiy adjoining. 
It is by attention to the details of apparently little 
things as well as of the apparently greater, that makes an 
effective whole. There should never be a shade line as a 

base line for any elevation supposed to be standing on any 
thing.* 




CHAPTER XV, 

FBOJEGTION OF SHADOWS. 

The rays of an artificial light placed near to any object at 
right angles to a plane and of itself parallel, project a radiated 

* Before laymg aside the pallette it should be washed clean, as old 
dried ink when moistened again is apt to run in the colouring, and for 
an outline only it will not flow from the pen so freely. 
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shadow, as shown in diagram, Fig. 226, a being the position 
of the light, h the object, and e the shadow of the object 






Fig. 22?. 



"Big. 226. 

projected by the light, the sides of the shadow being in a 
direct Jine with the light. 

In projecting shadows in mechanical drawings the light is 
supposed to be at snch a distance as to come in 
apparently parallel rays; and assuming for our 
purpose that they are so, it is obvious that the 
projection of the shadow will be in parallels, as at 
ef, Fig. 227 ; or let e. Fig. 228, be a cylindrical 
object, and aha, plane placed at right angles to 
the rays of light d h ox c i, the exact diameter of the object 
^ will be projected on such plane at I m, and the sides of the 
shadow will be parallel to each d 

other whether the plane is or 
is not parallel to the cylinder, j: 
If the plane be oblique to the 
rays of light as shown &t fg "" 
the shadow is increased on the 
plane to the breadth h t, the 
shadow having its sides parallel 
whether the plane / ^ is or is Fig. 228. 

not parallel to the cylinder. 

In engineering drawings the shadows are generally under- 
stood to be projected at the angle of 45°, and inclined also 
at that angle from a projecting object towards the right hand. 

The angle of inclination at 46^ is projected with facility 
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by setting off equal distances on the base and vertical lines 
of any rectangular part in a drawing. The length of the 
shadow is measured from the object on the diagonal (or 
angle of inclination), and is equal to the projection of the 
object from the plane.* 

It is impossible to project the shadows of any object cor- 
rectly on any drawing of which there is only one view, and 
which is to be shaded, if the several projections on such view 
are not exactly known. In such instances the only alter- 
native is to make undefined shadows as to their length or 
breadth at the ordinary angle from any of the parts obvi- 
ously known to project, and to soften them off with the 
water brush. In intricate drawings of machinery, even 
where all the projections are known, if every shadow were 
projected and put in distinctly with a hard edge of the pro- 
per outline (as would be done in a plain drawing having few 
parts and details), it would have much the same effect, when 
shaded, as a well-used sheet of blotting-paper ; in such cases 
it is better to soften off most of the shadows. 

Pbojegtion of shadows. — ^FiRST Series. — The plans and 
elevations being given, in all cases the plans are invariably 
understood to be directly opposite their elevations, and their 
side views opposite their front views. In projecting the 
following shadows the angle of 45^ is that in which the 
parallel rays of light are supposed to come. 

In the following examples the plane on which the shadow 
is projected may be considered either horizontal or vertical, 
the shadows (according to the ordinary system) being iden- 
tical.! In drawing the angular lines the T-square and little 
wooden set square, having an angle of 45° bearing on it, ad 

* Frequently in architectural and other drawings the shadow, mea* 
Bured from the object on the angle of inclination, is of greater length 
than the projection of the object from the plane ; neither is the angle 
of inclination in such drawings always 45*. See also note, Fig. 260. 

t The process in the Second Series of the Projection of Shadows is 
also applicable to the examples given in this First Series; but the 
shadow being projected on a horizontal or veriioAl plane, renders such 
application less ncccssarvv 
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Indicated in position in the following diagram at e^ Fig. 229, 
Bhoold be nsed thronghoat as being best calculated to faci- 
litate the operation. 

To project the shadow of a square column^ having its opposite 
sides parallel, on a plane at right angles to it. 

Let A, Fig. 229, be the plan, and b the elevation of column. 

From the points A, m, k, draw the i 1 /» 

lines hi,mn, and A; Z at the aforesaid A 
angle ; on the line h i from the point 
h, set off the height of colnmn c d 
at ; repeat the same from m at the 
point p, and from k at the point r ; 
join p and p r; hoprk will be 
the projection of shadow required. 
It will be obvious that the termina- 
tion of the shadow is a fac-simile Fig. 229. 
or counterpart of the plan of column. The process described 
is given as being more explanatory, but in the examples 
which follow it will be quite unnecessary to repeat it. In 
actual practice, having first found the length h 0, equal to 
the length of column d c, the point would be quite sufficient 
for finding the other points at p and r, for p being parallel 
to the sides of column m h, the right- 
angle side of set square bearing on the 
T-square and placed at the point o, 
would, by drawing the line o p, find 
the point p, and since p r va also 
parallel to the side of column m k, the 
T-square placed at the point p already 
found would draw the horizontal line " 
p r, thus completing the required sha- 
dow without setting oflf the lengths at p 
and r, as in the first process shown. Fig- 280. 

To project the shadow of a cylinder on a plane at right 
angles to its axis. 
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Let A, Fig. 280, be the plan, and b the elevation of cylin- 
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dor. Prom the point e, the centre of cylinder a, draw the 
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diagonal e g ; from the point e set off the distance ef equal to 
the height ed oi elevation b ; from the point/, with a radius 
equal to half the diameter of cylinder, describe the semi- 
circle klm\ from the points h and { draw the lines i and h 
parallel to « ^, which will be the projection of shadow required. 
In the preceding examples, Fig. 281, the projections of their 
shadows are found in a manner similar to those already de- 
scribed, and will be understood by the dotted lines, a are the 
plans, and b are the elevations of the several objects, which 
are at right angles to the plane on which their shadows are 
projected ; and in each case the length cdin plans a is equal 
to the height/ e of elevations b. 



To project the shadow of a square tapered column on a plane 
at right angles to it. 

Let A, Fig. 282, be the plan, and b the elevation of column. 

From the three points Z, m, n, k- -^ y 

in top of column o, draw the N^ 1/ I \ 

diagonal lines — ^as if the column a 
were parallel; on these lines, 
from the points Z, m, n, set off 
the distances Z i, m d^ and n k, 
each equal to the vertical height 
e f in elevation b. Join g i, 
id, dk, and k h, which will be 
the projection of shadow re- 
quired. 

To project the shadow of an 
obelisk on a plane at right angles 




to it. 



g. 252, 



Let A, Fig. 288, be the plan, and b the elevation of object. 
As in last example. Fig. 282, set off the length of the sides at 
h and t, equal to the vertical height I k in elevation b, and 
from the centre o of plan a set off the distance o ^ on central 
diagonal line equal to entire height f e of elevation b from 
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base Una. Join d h, h g, g i, and % n, ^111011 will be the pro* 
jection of ebadow required. The projection of tlie shadow 
at the side of the pedestal in plan a is eqnal to the heights a 
J^C, in elevation b set off on the diagonals rat and Hvy. 
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Sig-sas. 

To project the shadow of the side of a cylindTical reeett 
between two pUmeg at right angles to it. 

Let A, Fig. 234, be the plan, and b a section showirig the 
depth of the recess. It is required to project the shadow of 
the upper part/ 9 k on the inner plane 0. 

Through the centre h of circle, or recess, draw the diagonal ; 
front the centre A set off the distance i t on the diagonal 
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equal to the depth deof recess in section b ; from t as centre, 
and with a radius equal to half the diameter of recess, 
describe the circle I m n, which will be the projection of 
shadow required. 

To project the shadows in a series of square recesses^ the 
planes of each being parallel. 

Let A, Fig. 285, be the plan of the object, and b a section 






Fig. 234. 



Fig. 236. 



showing the several depths* Draw the diagonal c d; set off 
the distance c n equal to the depth g h^ in section B,eo equal 
to the depth h i, and fp equal to the depth i k ; from the 
points n, o, and p in plan a draw lines parallel to c m, and also 
from the same points lines paralled to c Z, which will be the 
projection of shadows required. 

To project the shadow of a vertical square parallel column 
into a parallel plane recess, and upon the plane adjacent. 

Let A, Fig. 286, be the plan, and b an elevation of the object. 
Proceed as in Fig. 229, making the distance cdia plan a equal 
to height e f in elevation b ; c d g hi will be the projection 
of shadow required. 
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To project the shadvw of a vertical square parallel column 
into an adjacent parallel plane recess. 




\ 



I 



>.:-%. > 






•d 



JC 





Fig. 236. 

Let A, Fig. 237, be a plan, and b an elevation of the object. 
Proceed as in Fig. 229, making the distance c d in plan a equal 
to the height efm elevation b; c ti ^ A i will be the projec- 
tion of shadow required. 

To project the shadows of square parallel columns lyuig 
obliquely to a plane. 




Fig. 228 



Let A, Fig. 288, bo the plans, and b the elevations of tho 
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objects. From the pointe d and i in plana a draw the diago- 
nals, set off the diatance d e eqnal to the height g f'm eleva- 
tions s, and i k equal to the height I m, and join ke,kh, also 
the aides n e and k o; n e kk o will be the projection of 
shadow required. 

Note. — When the object is at the angle of 45° with the 
plane, and also inclined in the plan at that angle, as in the 
diagram at o, the sides of the shadow vrill be vertical as 
shown. 




Rg.sse. 



To pryect the shadow of a square parallel eolvmn on tteo 
parallel planes recessed, the column being obligjte to the planes 
at an angle of 46°, and also inclined at 45° in its plcm. 

Let A, Fig. 289, be the plan, and b the elevation of the 
objects. In plan a the dotted lines c c will represent the 
shadow as projected on the inner plane (as in last example, 
Fig. 238). For the projection of the shadoiv on the tipper or 
outer plane, sot off the distance d e on the diagonal equal to 
the vertical height f g in elevation b, and the distance i k 
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equal to the vertical height I m ; also set off the same dis^- 
tauce h n from the point h ; from the points e and n draw the 
vertical lines n o and e p, which, with those vXe hn and e e, 
will he the projection of shadow required. 

To project the shadow of a square parallel column on two 
parallel planes recessed; horizontal in plan, and inclined 
between 90^ and 45° in its elevation. 

Let A, Fig. 240, he the plan, and b the side elevation of the 
objects. Set off the length cd on plan a eqnal to the vertical 
height ^ / on elevation b ; draw ^ A in the direction g d, and 




Fig. 240. 

draw i h parallel to ^ i^ ; gh and i k will be the projection of 
the shadow on inner plane. On first diagonal line c d set off 
the distance c m eqnal to the vertical height If in elevation 
B, draw m n parallel to g d, also set off the same distance 
I f from r at s, and the distance t o equal to the vertical 
height V X ; draw o p parallel to m n, and join m « and a o ; 
nms p will be the projection of the shadow on the outer 
plane, which with that on the inner plane will be the shadow 
on both as required. 
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To project the shadow of a sqtiare paraUel column on a 
pedestal, being a plane, also on a plane adjacent and parallel 
to it; the objects being horizontal in plan, and the column 
inclined between 90° and 45° in its elevation. 

Let A, Fig. 241, be a plan, and b the elevation of the 
objects. Di»w the diagonals 
from c, &c., on which set off the 
distances c d and cf w, each equal 
to the vertical height ef in 
elevation b, and the distance 
t; X eqoal to the vertical height 
b z, and join d w and w x. In 
plan A produce the line c Z to 
k; k being the point on base of 
column if produced to lower -g 
plane (corresponding to the 
point i in side-view b). From the 
point d in plan a draw dn in 
the direction d k, and from the 
point X draw x o parallel to 
d n ; this will complete the projection of shadow on lower 
plane, which will terminate at n o, being its intersection with 
the line of shadow of pedestal t w. From .the point of inter- 
section of column with upper plane at I (corresponding to m 
in elevation b) draw I h parallel io k d, and from the point 
of intersection of column with upper plane at a (correspond- 
ing to the point a' in elevation b) draw a g parallel io I h, Ih 
and a g, on upper plane, and n d w x o, on lower plane, 
will be the projection of shadow required. 

The projection of the parallel shadow of pedestal at ^ ^ is 
found by setting off the height of pedestal a r in elevation b, 
on the diagonals q p and qtin plan a. 

Note. — The projections of the shadows of inclined objects 
of various cross sections are found in a similar manner to the 
preceding ; that of an inclined cylinder is found by completing 
the ellipse (see Chapter XI. Fig. 180) at its intersection with 




Fig. 241. 
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the plane, and drawing lines tangentially (as at Fig. 280) fox 
the two sides of the shadow to the projection of its upper 
end, which will be at 45^ from the top of the object ; the 
shadow will be broader than the diameter of the cylinder if 
inclined otherwise than directly from, and towards the light. 

To project the shadow of a square knee — in its section square^ 
on a plane at right angles to it. 
Let Ay Fig. 242, be the front and b the side view of the 

A 




Fig. 242 

object. On the diagonal from d set off the distance d e equal 
to length/^ from the plane in side view b, set off the same 
distance from n at m and from h at 2, join em and m L Also 
with the length a c in side view b set off the distance d r and 
X om front view a, and join o r\ from the point o draw a 
vertical line, and from the point t (corresponding to the upper 
edge a c in side view) draw a diagonal parallel to d «, inter- 
secting the vertical line drawn from o at «, completing the 
projection of shadow required. 

To project the shadow of a square parallel qhject, inclined^ 
and projecting from the side of a plane at right angles to it. 

Let A, Fig, 248, be the side view, b the front view of the 
object, and f the plane upon which the required shadow of 
the object is to be projected. From the points d and A, where 
the vertical line (or side of plane) c e intersects the side view 
of object A, draw the horizontal lines d g and h i ; and from 
the points k^ l, m, in the end of front view b draw the 
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diagonals ; ^th the hoiizonfal diatance r *, in Hid« view a, 
from the point k in front view b. Bet off the length k n ; and 
with the horizontal distance t u from the points I and m eat 



off the length I o and m p ; join g n, no, op, and p i, the 
latter intersecting the Bide of plane sAx. gnop x will be 
the projection of shadow reqnired. 

To project the shadowi of parallel objects radiated Jrom a 
common centre, whose lengths are equal from the centre, and 
projecting from the side of a plane at right angles to them. 

Let A, Fig. 2U, be the side, 
B the front views of the objects, 
and ¥ the plane upon which the 
shadows are to be projected. 
From the point k, corresponding 
to the point i in side view of ob- 
ject A, draw the diagonal ; from 
the point h, where the side of the 
plane e e intersects the radial lino 
u> s, draw a horizontal line h g, 
intersecting the line of plane i x 
at g ; from the point It set off ' "^ 

on the diagonal the length kl ^' ^**' 

eqnal to the horizontal distance r i in side view a, and join 
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gl. gl will be the projection of the shadoT on the plane > 
of the radial A ( in side view a. Proceed in the same way 
with the other radiala ; mno p q will be the projectione of 
the shadows required. 

Note. — When these radial lines or arms have a periphery, 
as shown in Fig. 246, of which a represents the side and b the 
front views; if lines, as at d/, 
at any distance apart be drawn 
at right angles to o e (instead 
of being radiated as in the 
other), and produced horizon- 
tcUy to t ic, and diagonal lines, 
as (7 ft, &o., be drawn from the 
St several points of intersection, 
and the horizontal lengths df, 
he., be set off apon the re- 
spective diagonals, it is obvious 
that they would give points 
for a curve coincident with a 
cnrve projected from a periphery, 
on the extremities of the radiated lines as in Fig. 244, the 
position of plane, centre of circle, and radius being the same 
in either 




ng.34£. 



To project the shadows of letnidteular oijects on the three 
tides of an octagon at right angles to the plane bounded hy the 
three sides. 

Let A, Fig. 246, be the plane npon which the shadows are 
to be projected, / the plans of the objects (supposed to be of 
imperceptible thickness). On each plan of object / draw their 
elevations b, o, n : divide them by any number of equally 
distant lines / e, and at right angles to the sides of the 
octagon. (Equally distant lines, though not quite essential, 
are convenient, for when each of the objects is similarly 
divided from its centre, one measurement on one divisional 
\ino on either side of its centre line will set off six of the 



PROJECTION OF SHAIX)WS. 



153 



equal lengths required on the diagonal). From each of the 
interseotional points on the lines/ draw the diagonals ; set off 
the lengths / g, &c., eqnal to the corresponding heights / e^ 
&c., a curve line passing through the points will he the 
projection of shadow required. 



C B 




Fig. 246. 

Note. — ^It will he ohvious that the shadow projected from 
the semicircular ohject c will also he a semicircle, and the 
curve projected &om b and d also similar to each other hut 
in different directions. For any figures of irregular form the 
process would he the same. 

To project the shadow of a half cylinder on a plane at right 
angles to its ends. 

Let A, Fig. 247, be the plan 
of the object, and d the plane 
upon which the shadow is to 
be projected: draw a semi- 
circular elevation b and o on 
each end of object, and pro- 
ceed exactly as in Fig. 246, 
with the divisional lines on the 
elevations, drawing diagonals fi-om their intersectional points 

H 3 







Fig. 247. 
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and aeiting off Uie beightB on the respectiye diagonalB. It 
vdll be observed that the inner circle b is chiefly that which 
is reqoired, only a part of the npper senticircle o bdng re- 
qniaite for projecting the pait of its shadow towaids the right 
hand; curved lines passing through the points, joined at 
their extremes by Uie vertical line e /, will be the projection 
of shadow reqoired. 



To project ths shadow of a cyUnder on a plant parallel to 
its tticts,* 

From the preceding esamples, the shadows projected by 
entire discs or cylinders, as is the accompanying example, Fig, 
248, will be easily understood by the dotted lines, much further 
explanation being onnecessary : the lengths in the elevations 
of the objects being set off on their respeetive diagonals aa 

* Another meOiad of projectmg a, similar ahiLdow will Iw found in 
•ecoiia HtiiltH of ahadoiTs, Fi^. 276. 
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heretofore, either from a base line a h, or the half breadths of 
the circles at their divisional lines, may be set off on a pro- 
jected centre line c don the corresponding diagonals. Having 
thus found the several points and drawn in the curves, the ex- 
tremes of each pair are joined by the straight lines/, vertical 
and horizontal in the two diagrams respectively. As in a 
previous example (Fig. 247), it is only a part of each circle 
that is required for projecting the entire shadow, that, as 
projected at g A, drawn simply to show the process, being 
discarded* To prevent confusion the diagonals are omitted 
from the outer circles, the process being the same as for tha ' 




Fig. 340. 

inner circles. Having found the several points as Indicated, 
the outer curves passing through them will be the projection 
of shadow required.* 

Note. — In drawing the curves projected by the rays of 
light through a circular aperture having its sides parallel, in 
any material object of parallel thickness at right angles to a 
plane, as shown in the diagram, Fig. 249, the process for 

* In projecting such shadows in a drawing where there are a 
nnmber of curves similar to each other, having projected one cor- 
rectly, the simplest way is to trace it and transfer it to any other 
positions where requisite. Such process is referred to in Chapter XIL 
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finding the points of prtgeotion would bo similar to that just 
described at F^. 248 ; the difference being in the retention of 
the part of tbe ellipses c i in tiie present instance, discarded 
in tbo last example, and also the discarding of the parts « 
and y ; neither would there be straight lines at the extremeB 
of the cnives. cdef would be the projection required. 

To priyect the thadoa of a bracket on a pUme at right 
angles to it. 

Let A, Fig. 260, be the &ont view of the object from which 
the prcijection of shadow is required. Draw a side view b of 




the oliject; divide it by any number of horizontal lines as 
shown ; produce them to the right-band side of front view a ; 
from the points of intersection draw the diagonals ; set off the 
length c d eqael to the distance ef, g h eqnal to t A:, and so 
on. A corve line passing through the points d k, &c., will 
be the required curve for the right-band side of the object. 
As the projection of a part of the lower left-hand side of 
bracket is required, repeat the process, using the intersections 
of the horizontal lines on left-hand side of bracket, join the 
lower extremes of the curves by a horizontal line I, which 
will complete the projection of shadow required.* 
In ogee mouldings the projections of their shadows are 

* In actual practice, liaTuiig found Mta shadow of lower part of 
biacket for rignt bond side, triuisfer hf tracing for the left hand mde, 
and join them by the horizontal line /. Proceu explained in Chaptai 
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similarly performed, as shown in subjoined diagram, Fig* 251, 
A being end views, and b plans of the objects refeired to. 
Transfer the end views a to the 
plans B, as shown by the dotted 
curve lines e ; divide e by vertical 
lines as shown, draw the diagonals 
from the intersectional points in 
the lower lines c e, set off the 
several heights on their respective 
diagonals (if each of the dotted 
endviews at «« are equaUy divided, 
the same lengths on the corre- 
sponding diagonals are applicable in each) ; curved lines 
passing through the points will be the projection of the 
shadows required. 




Fig. 251. 



To project the shadow of a straight flange on a pUme^ being 
parallel and at right angles to it, 

(Note. — The flange may be either horizontal or vertical, as 
in subjoined diagrams.) Let a, Fig. 252, be the front view of 
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Fig. 252. 

the plane on which the shadow of the flange efis to be pro- 
jected, and B a plan of the objects ; draw the diagonal on 
front view a, on which set off the length a b equal to the 
distance o d in plan b, and through the point h draw the 
straight line g h parallel to the line of flange e f; g h will be 
the projection of shadow required. 
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Note. — ^A plan is not required as far as regards the pro- 
jection of the shadow on a front view, when the projecting 
part of the ohject is straight and parallel to the plane on 
which the shadow of the vertical or horizontal object is to be 
projected, if the projection is known. For instance, if the 
distance of the projecting part g hy Fig. 253, is known to be 
6 inches, then 6 inches taken from the scale to which the 
drawing is made and set off on the diagonal dXcd would give 
the point through which to draw a line e f parallel to the 
projecting part g h, as explained at Fig. 252, the projection of 
shadow required on the plane a. 
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Fig. 263. 



Fig. 254. 



To project the shadow of a bevelled flange on a phrie at 
right angles to it* 

Let A, Fig* 254, be the front view, and b a plan of the 
object. From the points a and c on the lower line of flange 
efin front view a draw the diagonals, from the same points 
a and c draw the vertical lines a i and c k ; with the distance 
Z t in plan b set off the length ab on the diagonal, also the 
distance m A; on the diagonal c d» Through the points b and d 
draw the line g d, intersecting the side of plane at A ; gh will 
be the projection of shadow required. 



To project the shadow of a circular flange on a plane at 
right angles to it* 

Let A, Fig. 255, be the front view, and b a plan of the 
object. Produce the line c din plan b to t, divide the line 
I d into any number of parts by vertical lines, as shown at 



\ 
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h n, &Q.I produce them to the lower line of flange « / in 

front view a ; from the points of intersection draw the 

diagonals ; with the distance h g in [ — 

plan B set off the length I m, also \ 

with the distance n c set off the A: 

length Pf each on their respective pf 

diagonals, and so on with the other j} \ 

distances in plan b on the diagonals ^ x 

in front view a. A curve line m k 

passing through the points will be Fig. 356b 

the projection of shadow required. 

To project the shadow of a ring on a plane at a given 
distance from and parallel to it. 

FiBSTLT, having its section rectangular (upper diagram.) 

Let A, Fig. 256, be a plan, b a side view of the object, c d 
the line of plane, and fe the distance of the object from the 
plane. Through the centre of ring i, in plan a, draw the 
diagonal; from the centre i set off the length ik on the 
diagonal equal to the distance of ring ef from the plane c d ; 
also from the point i set off the length il on the diagonal 
equal to the distance hg (the distance from the plane cd to 
the top of the ring b) ; from the point k in plan a, with a 
radius equal to the radius of outer part of ring, describe the 
semicircle mnoy and from the point Z, with the same radius, 
describe the semicircle pqr; join with straight lines o r and 
mpj the two semicircles described. From the point I on the 
diagonal in plan a with a radius equal to the radius of inner 
part of ring describe the part circle stu, and from the point 
k with the same radius describe the part circle svu, which, 
with the outer part already described, will be the projection 
of shadow required. 

Secondly, having its section circular. 

Let A (lower diagram) be a plan of the ring. Through the 
centre w of the ring draw the line xy in the direction of the 
light, also through the centre w draw a line s a at right 
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angles to a^ y. At any convenient distance draw a line of 
plane c d parallel to xy. On 2; a, as a centre line, draw a 
side view, b, of the ring at its distance from the plane c <2. 
At each end of the side view b draw sections v and u of the 
ring corresponding to the sections e and / in the line xy* 
To these draw tangentially, at the angle of 459 to the plane 
e dy the lines g and A, intersecting the line of plane ed vXi 
and k. From the points t and k draw lines 2,fit, each 
parallel to the line z a, intersecting the line xy tXn^ o, which 
will be points for the shadow. From each side of the thick- 
ness of ring r and s, on either side of the diameter of ring 
in plan a, draw lines parallel to xy, and from the corre- 
sponding point t in the centre of the thickness of the ring in 
side view b, draw the diagonal t h intersecting the line of 
plane cd mh^ horn which point draw a line parallel Uy za 
intersecting the lines drawn from r and 9 at 1, 2, 8, 4, which 
will also be points for the shadow. Take any other sections 
in the plan of ring a, as at 5-6, and draw corresponding 
sections (see subjoined note) in side view b as shown, and 
proceeding as before for ad- 
ditional points, cnrve lines 
passing through which will 
be the projection of sha- 
dow required. 

Note. — ^To find the points 
for describing sections such 
as that referred to, let a b, 
Fig. 257, be the outer and 
inner circumferences of a 
ring, circular in section, 
and c d the line of section 
in plan of ring. Through 
any points Cyf^g, in c i, fis.3ST. 

draw the radial lines hiy hk, and h I from h, the centre of 
the ring. On each of the radial diameters draw semicircles as 
shown, and from the intersectional points e, /, ^, draw the 




162 PROJECTION OF SHA.D0W8. 

lines eoyfriy and gm, at right angles to the respective radial 
diameters. Let pqh^ the centre line of the figure to be de- 
scribed. From e and d draw the lines r and s at right angles 
to the line p q (Fig. 108, Chapter XI.), giving intersectional 
points for the length of the figure. From the points e, /, g, 
draw lines t, u, t;, each parallel to r or s, intersecting the line 
pq B,i ifff y, z* From the point x with the distance e o set o£E 
X 1 equally on each side of the line p q. From the point y 
with the distance fn set off y 2, and from the point z with 
the distance g m set off ;s 8. A curve line drawn through 
1, 2, 8, and the points of extreme length already found, will 
be the figure required. 

To project the shadow of a sphere on a plane. 

Let A, Fig. 258, be a plan of the sphere from which the 
shadow is to be projected. From the centre of sphere h draw 
the diagonal cd, and through the same centre l draw a 
line «/, at right angles to c d. At any convenient distance 
draw a line g h, parallel to c d, which will represent the side 
view of the plane upon which the shadow is to be projected. 
From the point t, as a centre, draw the side view b of 
sphere tangentially to the line g h ; divide the diameter of 
sphere a equally on each side of centre line c d, and draw 
the lines Im, &c., through the divisional points, and parallel 
to cd. From the centre i, in side view b, with half the 
diameters of no, pq, &c., in plan a, as radii, draw the 
circles r, », &c. At the angle of 45'"^ to the line «/, and 
tangentially to the circles or diameters r, s, &c., draw the 
lines u, v, &c., to the line of plane gh, and from the points 
of intersection 1, 2, 8, &c., draw the lines 1-4, 2-5, &c.y 
parallel to ef. Through the points where these lines inter- 
sect their corresponding diagonals, cd, Im, &c., a curve line 
z (ellipse) passing, will be the projection of shadow required.* 

* The shadow may also be projected by the process described AS 
Pig. 294. 
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Note, — The shadow of a sphere projected at the same 
angle as at Fig. 258, jnst described, is identical with the 
ellipse produced in a cylinder cut through at an angle of 
45^. If the sphere were placed in a tube of the same 
diameter, and at the angle named (or in a direct line with 
the light), the tangential line of the sphere with the tube would 
be as indicated by the dotted line 6-7 in plan and side 







Fig. 258. 

views A and b, Fig. 258, dividing the light from the dark side 
of object ; and which tube, if produced and intersected by 
the plane, would be coincident internally in every point with 
the projection of the shadow of the sphere. 

Objects such as that described will only project a shadow 
identical with their outline when the plane is at right angles 
to all the rays oi light from the several points of the object. 
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To project the shadow in a hollow half sphere (or semi- 
circular cup) of its side. 

Let A, Fig. 259, be the plan of the object in which the 
shadow is to be projected. Through the centre k of the 
object draw the diagonal b e ; divide the object equally on 
each side of centre line be by any number of lines as at Z 9, 
&c. Through the centre k draw a line /r, at right angles 
to b c. At any convenient distance from plan a draw a 
line de^ parallel to be. On the line de, and from the 
intersectional point y, with radius equal to radius of plan a. 




draw the semicircle df e, which will represent a side view b, 
of the object. From y, as a centre, and with radii equal to 
the half diameters of the lines I v, &c., describe the semi- 
circles in side view b, and from each of the points of inter- 
section, 0, m, &c., on the line d e, draw the diagonals m n^ 
op, &c,f each at an angle of 45^ to the line d e. It will be 
seen that the points n, p, &c., where the respective diagonals 
intersect their respective semicircles, are also the intersec- 
tional points of the centre line / r ; the projection of the 
shadow required will therefore be the straight line t r. 
Note. — ^If the angle of the light were greater or less than 
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45^ as shown at m a; in side view b, the shadow would be a 
curved line in each instance, the greater angle projecting a 
concave and the lesser a convex shadow, as represented by 
the line $ in diagram, the process being the same for finding 
the points in the curve as in that already described, and as 
indicated by the dotted lines g h^ &c« 

Pbojeotion op Shadows. — Second Sebibs, — In the ex- 
amples of the projection of shadows in the first series, the 
angle of 45^ only has been employed, as from the nature 
of the projections it alone was requisite ; but in the pro- 
jection of shadows of a more intricate sort, as of those 
which foUow, there are required in addition a plan and side 
views of the angle in its inclination, the relative angle of 
light in such views being similar. Suppose the object a, in 
diagram. Fig. 260, to be the front view of a little set square 
at the ordinary inclination of 45^, and also having the 
requisite angle of 45°, the side of 
which would be as represented by 
the dotted lines fog. In looking 
from a position e, above it (suppos- 
ing it possible to look in parallel 
lines at every point, as is supposed 
in mechanical drawings), it would 
present the angles as in plan b. It 
would also present similar angles 
viewed from the positions I or p. 
To project the angle — ^from a point Pig.aeo. 

/ draw the diagonal, on which set off any length, fg ; at 
any convenient distance draw a horizontal line or plane hi ; 
from the point / draw a vertical line fn, intersecting the 
line hi &i n; on the line/n from the point n set off the 
length n m equal to the length/^ ; and from the point g draw 
a vertical line g d intersecting the line hi a,i d, and join m d, 
which win be the plan of the angle of 46° as required.* 

* In projecting shadows at auy other angle or other inclination in a 
iront view, it is obTioius th.st tho relative angle in the plan or side 
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As an application of what has just been explained to a 
mechanical object, and an illustration of the necessity of the 
projection of the plan or side view of the angle already 
referred to, let a, Fig. 261, be a cylindrical object or shaft 
(horizontal or vertical), and b a plane parallel to axis of 
shaft. The projection of the shadow of shaft is required on 
the plane b. Draw an end view o of the shaft,* and also 




Fig. 961. 

the horizontal line of plane y z At its distance/^ from centre 
of shaft. In plan a from any point d (shown in this instance 
on centre line of shaft) draw the diagonal of 45°, which is 
the direction of the light ; from the point d, with the distance 
fg ID. end view c set off the length d h ; from the point h 
draw the vertical line h i intersecting the plane y z 2i,iiy and 
join g i, which will then represent a side view of the angle of 

view of the object must correspond to it, and is found in a similar 
manner. In some drawings the relative angle of light in plan or side 
view is as great as 46^, and the angle of inclination of shadow in front 
elevation also 45°, resulting in the projection of a longer or hroader 
shadow than that described (Fig. 260). The latter is generally con- 
sidered preferable, is more easily understood, and has therefore been 
adopted throughout this chapter. 

* If A were a vertical view, c would be a plan as well as an end 
view. If A were a plan or horizontal view, then c would be an tna 
view only. 
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4:5?, whose length of base Ib dhin plan a. Set the parallel 
rulers to the line g i, and from the diameter m k of the 
shaft, draw the lines k I and m n parallel to ^ i ; and from the 
intersectional points n and I in plane y z, draw the vertical 
lines no and I p. The vertical lines o and p will be the 
projection of shadow required on the plane b. If the plane 
were placed obliquely, as at q r, the breadth of shadow would 
be increased on it, as shown by the line k I produced to i; ; or 
if placed as at s t, it would have less breadth than in position 
y z in the first instance. At whatever angle the plane is 
placed the same process would be applicable, a horizontal 
and vertical line being always necessary* on which to erect 
the side view of the angle from its plan as at d h, and as 
explained at Fig. 260. The line of plane in example y z, as 
also the centre line of shaft, is taken advantage of in such 
instances, being ready drawn to hand, and being convenient 
lines ; though in this and in many of the examples which 
follow, the angle may be projected anywhere in close 
proximity to the place where it is required, so that the 
requisite lines from the points of the object can be drawn 
with facility parallel to the plan, end, or side view of the 
angle of 45° referred to. In the example given. Fig. 261, the 
height gf is taken in the end view o from the plane y z to 
the centre of the shaft g. There is no other reason than 
that given why this height should be taken ; any height 
would do equally well, so that the same distance is set ofif 
on its corresponding view of it as at d h. It may be pro- 
jected in the position shown at d. Fig. 261, and by drawing 
k I and mn in end view o, parallel to x u, it will render the 
diagonal de in plan a unnecessary, being drawn a,i xw for 
projecting the line x u. 

To facilitate such process in the projections of shadows^ 
where there are many lines to be drawn parallel to each 
other at the given angle on the plans and side views of the 

* In the absence of a little set square having, the proper angle, to 
bear on the edge of T-square. 
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several objects, it will be fonnd convenient to use a little set 
square of the proper angle (and which would be as repre- 
sented in Fig. 260 at dmk) to bear on the edge of the 
T-square in the several positions shown in the following 
diagram, Fig. 262, and which are also indicated in all the 




Fig. 262. 



diagrams which follow, in the position suitable for drawing 
the lines of the relative angle of the light in the plans and 
side views of the objects, those in the front elevations being 
always at 45°. 

The position of the set square a, Fig. 262, is suitable for 
drawing in the relative angle of the light in a plan placed 
either above or below the front view of the object on which 
the shadow is to be projected. 

That in position h for the angle of light in projecting the 
shadow of a horizontal line on an inclined plane, &c. 

That in position e for side views placed to the left of the 
object on which the shadow is to be projected. 

That in position d for side views placed to the right of 
the object on which the shadow is to be projected. 

In drawings of an engine, or other machinery containing 
different views of the one object, representing plans, eleva- 
tions, side and end views, &c., it is the common practice to 
project all the shadows at the same angle as a matter of con- 
venience. The shadows thus projected in one view have no 
relation whatever with the shadows of the view next to it, 
and on the same sheet of paper. In which case, each view 
must be considered as belonging to another object of similar 
construction and size, and all placed in the same light. It 
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would be qoite onsatisfiEietory oUierwi8e« as the foIlowiDg ex* 
planation will -show. Let a, b, and o, Fig. 268, be the plan, 
front, and side elevations of three walls of parallel thickness 
at right angles to a plane. The shadows shown are projected 
in the ordinary manner in engineering drawings, all being at 
the angle of 45^, and also inclined at that angle. If the 
shadow in the front elevation b had any relation to the 




Fig. 263. 

shadow in the plan a, the part x in front elevation b would 
be all dark to correspond with the shadow from line of wall 
H in plan a, the front elevation of wall e e would also be cor- 
respondingly dark; the side view o would also be dark, 
corresponding to the shade side I d in plan a. The shadows 
thus carried out would never make a desirable drawing, and 
if left to choice, it would look better to produce an outline 
drawing only. 

In Fig. 264, the shadows of the three views of the same 
object are projected in relation to each other, the diagonal 
fg being the same (45°) as in last diagram, and made equal to 
the length xym plans a in each diagram. Figs. 268 and 264. 
It will be observed that the relative shadows in the plan a, 
Fig. 264, are at the opposite side of object, and at a different 
angle from that at Fig. 268 (that in the present example being 
the same angle as the one referred to at Fig. 260), and the 
end view o is dark, or in the shade, to correspond with the 
shadow projected hj Id m plan a ; and though it might be 
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convenient to have the shadows in plan to correspond thas 
with the front elevation, still, if o was also made to corre- 
spond, it would he as represented, all dark. 




Fig. 264. 

In the plans and front views of the following projections 
of shadows, though each series of diagonals in their re- 
spective views must be drawn parallel to each other, the 
distances between one couple and the couple next to them 
are not of necessity the same, except for uniformity of 
appearance, but they must agree relatively, those in the 
plan or side view with those in front elevation. 

To project the shadow on a vertical cylinder of a circular 
flange which is at right angles to the axis of cylinder and 
projecU equally around its circumference. 

Let A, Fig. 266, be the front view of cylinder upon which 
t he shadow of the flang e ef is to be projected. 

1. Draw a plan b of the cylin- 
der and flange on a centre line 
common to both views, a and b. 

2. With the set square bear- 
ing on the T-square in position e 
draw the relative angle of light 
in plan b as at r s, 

8. From the point r, where 
the line r s cuts the outer circumference of flange in plan b, 
draw the vertical line r a?. 




e 






Fig. 265. 
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4. From the point a?, where the vertical line r x inter- 
sects the flange ef, draw the ordinary diagonal in front 
view A. 

5. From the point s in plan b, where the line rt inter- 
sects the cylinder, draw a vertical line intersecting the 
diagonal from x 2Xu'y u will be one point for the shadow. 

Proceed in the same manner for finding other points as at 
n, 0, &c., throngh which a carve 
line passing will be the projec- 
tion of shadow required. 

Note. — ^In objects such as that 
described, when horizontal, as at 
Fig. 266, the process is almost 
the same, the only difference is, 
the shadow is at the opposite 
side to that at Fig. 265. 

The following examples, Figs. 
267 and 268, will be fonnd use- 
ful for reference. The shadows being projected similarly 
to that at Fig. 265, further explanation will be unnecessary. 

The plan of each object is above its respective front view, 
or elevation. 




Fig. 266. 



To project the shadow of a square flange on an inclined plane ^ 
the flange being at right angles to the plane and paralUl to it. 

Let A, Fig. 269, be the front view of the object on which 
the shadow of the flange c d is to be projected, and b the 
side view at the required inclination. From the point e in side 
view B draw the relative angle of light intersecting the line/ g 
at h ; from h draw the horizontal line h k, intersecting the side 
of front view a at i ; from the point c in front view a draw 
the diagonal intersecting the line k lin the point i ; from any 
other point n in side of flange in front view a draw another 
diagonal line n o parallel to c i; from n draw a horizontal 
line intersecting the under side of flange in side view b at p ; 
from p draw a line parallel to eh intersecting the line / </ at 

i2 
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Fig. 268. 
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r ; from r draw a horizontal line intersecting the line n o at «, 
and join « t, intersecting the side of object at t ; til will be 
the projection of shadow required. 




Fig. 269. 

To project the shadow of a circular flange on an incUned 
plane f the flange being at right angles to the plane. 

Let A, Fig. 270, be the front view of the object on which 
the circular flange o (2 is to be projected,* and b the side 
view at the required inclination. On front view a from any 
points ky i, g, on flange c d, draw the diagonals, and from the 
same points on flange c dia front view a draw the horizontal 
Lines km^ t n, and g o, intersecting the side view of flange 




Fig. 270. 

o « in side view b at m, n, and o ; from the points m, n, and 
o, draw the relative angle of light towards the line of inclina- 
tion r s, and from the points of intersection e, /, h, draw the 
horizontal lines intersecting their respective diagonals in 

* To find the curves in this, and thoee which immediately follow 
see Chapter XIII., Fig. 183. 
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front view a from k, *, and g, At x y z ; through which points 
a curve line passing will be the projection of shadow required. 

To project the shadow of a circular flange on an inclined 
cylinder^ the flange being at right angles to the axis of the 
cylinder and equidistant from it. 

Let A, Fig. 271, be the front view of the object on which 
the shadow of the flange n t/ is to be projected, and b a side 
view at the required inclination. Draw a plan o of the object 
on a centre line common to both views, a and o, as if it were a 
plan of a vertical cylinder, or as viewed in the direction efin 




Fig. 271. 

side view b. From the point g in side view b draw the relative 
angle of light ; and (to render the process more explanatory) 
let the triangle g v h represent the side view, inclined, of 
a set square having the angle of 45°. Draw a plan of the 
triangle as shown at x, and transfer it to position k, in plan o ; 
I m will be the relative direction of the light. Draw any 
number of lines jp, r, &c., parallel to I ftiy and proceed in the 
same manner to And the points of the shadow as in example, 
Fig. 265. A curve line passing through these points, ti, w, t, 
will be the projection of the shadow required. 
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Note. — The direction of tibe light, I m m plan o, is the 
same relative angle as in the other examples ; it is observed 
in this instance in the same direction as the inclination of the 
cylinder, instead of being observed from a position vertical 
to the object as in the other examples. 

To project the shadow of a round flange on a tapered {or 
conical) stuffing-box, the flange being at right angles to tlie 
axis of the cone and equidistant from it. 

Firstly, when in a vertical position, Fig. 272. Let a be 
the front elevation of the object on which the shadow is to 
be projected. 

On a centre line common to both views, a and b, draw a 
plan B of stuffing- box and flange, on which draw the relative 
angle of light from any points on the circumference of flange, 
as at 1, 2, 8, &c. It is then required to draw lines on eleva- 
tion A coincident severally witii the relative angle of light, 
1, 2, 8, &c., in plan b, and which lines will be curves in 
their front view. On elevation a, at convenient distances 
apaxt, draw the horizontal lines d, e, also their plans as indi- 
cated by the dotted circumferences in plan b. From the 
intersectional points of the angle of light with the several 
circumferences, as at g,f, &c., draw vertical lines intersect- 
ing their relative horizontal lines in elevation a at h, i, k, l^ 
through which points draw the curve line. From the point 1 
on circumference of flange in plan b draw a vertical line 
intersectiug the lower edge of flange in elevation at m, from 
which draw the diagonal intersecting the curved line I h at 
w, which will be a point for the shadow ; proceed in the same 
manner to find other points from the relative angle of light, 
2, 8, 4, &c., as at o, p, &c., through which a curve line 
passing will be the projection of shadow required. 

Secondly, when inclined. Fig. 278. Let o be the side view 
of the object at the required inclination, from which is drawn 
a corresponding front elevation a and plan b ; proceed exactly 
as m the other, Fig. 272, and, as shown by the dotted lines, a 
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carve line passing throagh the pomts n, o,p, Ac, will be tlie 
projection of shadow required. 




To project the thadfftt of a bracket on a convex or a concave 
tur/aee. 
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Let i. in Fig. 27i be a convex, and in Fig. 276 a ooneava 
Bor&ce. (As the same process applies to both Figa. the re- 
ference letters are the same in each.) Draw plans b and side 




views D of the bracket, the latter adjoining the front vieiv. 
Divide the side view d by any number of horizontal lines. 
On the right-hand side of bracket in plan b, from the point e, 
set off the lengths of the dotted divisional lines of bracket 



making e-1 equal to the length ot the line 1 In side view d, 
«-2 e^nal to the lengOi of the line i in side view s, and so on 
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with each line on d. From the points opposite the divisional 
lines on n, on the right-hand side of ihe bracket in front 
view A, draw the diagonals, and from the points 1, 2, 8, &c., 
on bracket in plan b, draw lines for the relative angle of light ; 
from the points where they intersect the curved surfaces in 
plan B draw vortical lines intersecting their corresponding 
diagonals on front view a. A curved line passing through 
the points of intersection will be the projection of shadow 
required. 

Note. — The same process may be repeated for the lower 
part of left-hand side of bracket ; though to trace the lower 
part already projected, and to transfer it to the part required, 
is a quicker process, and the one generally adopted in actual 
practice. 

To project the shadow of a cylinder on a plane parallel to 
the aads. 

Let A, Fig. 276, be the elevation of cylinder, and b the 
plane on which the shadow is to be projected. Draw a plan 
ed of the plane ; on the centre line of cylinder a produced to 
hf with half the diameter of cylinder a as a radius, and at its 
required distance i h from the plane, draw a plan o of the 
cylinder. On plan o draw the relative angle of the light, as 
shown by the parallel lines 1 1, &c. From the points I Xy &c., 
where the lines tlywx, &c., intersect the circumference of 
the cylinder o, draw vertical lines intersecting the top A; ^ of 
cylinder a at o, y, &c. ; from the intersectional points o y, 
&c., on the line k e, draw the diagonal lines ; from the point t 
in the line of plane c d draw a vertical line intersecting the 
diagonal line drawn from o, at r, and from the poiLt u in 
line of plane c d draw a vertical line intersecting the diagonal 
drawn from the point 72 at s ; r s will be the breadth of the 
shadow of the cylinder on the plane b. From w, in the line 
of plane c d, draw a vertical line intersecting the diagonal 
drawn from y in the line k e Sii z, which will be a point of 
projection cf the shadow of the top of the cylinder. Proceed 
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in a similar way for finding the other points, as shown hy 
the dotted lines; a curve line passing through the points 
will be the projection of diadow of top of cylinder. 

To project the shadoiv of lower end of cylinder. 

Prodnce the lines w x, &c., in plan o, so as to intersect the 
circumference of cylinder at 2, 8, 4. From the points 2, 8, 4, 
draw vertical lines intersecting the lower line/^ in elevation 
A of cylinder at the points 5, 6, 7 respectively, and from these 
points draw diagonal lines parallel to o r, &c. From the 
points w, m, p, in the line of plane c dy draw vertical lines, 
intersecting their corresponding diagonals drawn from the 
points 5, 6, 7, at 8, 9, 10, and a curve line passing through 
the points will be the projection of shadow of lower end of 
cylinder, completing the projection of shadow required. 

Note. — ^In projecting shadows such as that described on 
a larger scale than that shown in diagram. Fig. 276, more 
points for the curves would be required to insure accuracy ; 
these are obtained by multiplying the diagonals, &c. 

To project the shadow of a horizontal on a vertical 
cylinder. 

Let A, Fig. 277, be the horizontal cylinder in its position, 
and B the vertical cylinder, upon which the shadow of hori- 
zontal cylinder a is to be projected. Draw a side view o of 
the vertical cylinder, and an end view d of the horizontal 
cylinder, at its required distance from o. Draw the ordinary 
centre lines in each view of the vertical cylinder. Divide the 
lower part of each view of the vertical cylinder b and o by 
any number of horizontal lines 1, 2, 8, &c., identical in each 
view. (It will facilitate the process if the lines are equidis- 
tant.) From the end view d of the horizontal cylinder, tan- 
gentially to its circumference, draw the relative angle of the 
light e and/, intersecting the horizontal lines 1, 2, 8, &o., at 
h I and m n. Draw a half plan e of the vertical cylinder a 
From the points k and I draw vertical lines intersecting the 
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half plan b at 9 and 8. From the points g and h, where the 
relative angle of the light e and / intersects the cylinder c, 
draw the horizontal lines g v and h u, intersecting the centre 
line of cylinder b at v and u, which are the upper and lower 
points of projection of shadow. On the horizontal lines 1 
and 4 in view b set ofif the distances p and to on each side 
of centre line, each equal to the length r 9 in half plan e ; 
and on the horizontal lines 2 and 5 in view b set off the dis- 




Fig.277. 

tances y z and y x on each side of centre line, each equal to 
the length tarn half plan e. As the lines e and / terminate 
at the centre line in view at the horizontal lines 8 and 6, so 
in front view b the extremities of the lines 8 and 6 will be 
points for the shadow, and a curve line passing through the 
points ^ zp V and ^ xwu will be the projection of shadow 
required. 

Another method. — On the centre line fe, Fig. 278, in 
vertical cylinder b, with radius equal to half of the diameter 
of cylinder, describe from p as a centre the semicircle/ mg ; 
and with the same radius, on centre line I in side view 0, from i 
as a centre, describe the quarter circle h n. Draw the rela- 
tive angle of the light «, /, as in previous example, from the 
horizontal cylinder d. 

Divide the quarter circles f m^m g in front view b, and 
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also the quarter circle hnia side view o, each into the buds 
Qomber of eqnal parts, and from the divieional points in each 
quarter circle drair the vertical lines as shown in Views b 
and c ; from the points in view o, where they intersect the 




relative angle of the light e and /, draw horizontal lines, ii 
tersecting their corresponding vertical lines in view a; 
onrve line passing through the points thus found will 1: 
the projection of shadow required. 



To project the tkadmti of a lesion a greater cylinder, both 
being vertical. 

Let A, Fig. 279, be the small cylinder, and b the greater, 
upon which the shadow is to be projected. Draw a half plan 
a of the larger cylinder, and a plan d of the small cylinder at 
its distance from the greater. 

From the point I draw the relative angle of the light I m 
tangentially to cylinder p. From the point I draw a vertical 
line q, intersecting tiie lower line of smaller cylinder a, at r ; 
from r draw the diagonal ; and from the point m, which is 
the intenection of the relative angle of the light with the 
circomference of larger cylinder o in half plan, draw a ver- 
tical line ffi g, intersecting the diagonal from r at n ; n g will 
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be the projection of the shadow of the side of smaller cyBn' 
der A. On plan of cylinder n draw lines parallel to I m, as 
at «,o,k; from o, ftc, draw a 
vertical line intersecting lower 
line of cylinder a at > ; from t 
draw the di^onal, parallel to 
rn; from the intersectioual point 
p, in half plan c, draw a vertical 
line, intersecting the diagonal 
drawn from « at ( ; ( will be a 
pointin the projection of shadow. 
Proceed in a similar manner to 
find other points, as at / and A 
on cylinder b ; a cnrve line pass- 
ing throDgh n, /, t, h, with the 
vertical line g n will be the pro- 
jection of shadow required. 
NoTB. — It will be observed that the ehadow from the 
smaller cylinder when placed in snch position aa given in 
example, does not show a boundary line to the right of the 
larger object ; if the smaller cylinder were placed more to 
the left side of the larger one the shadow woold have a 
defined line to the right. 

In cylinders of varions diameters adjacent, the process 
for projecting the shadow of any one upon the next is similar 
to that already described, whether vertical or horizontal. In 
the latter, the only difference would be in the shadow being 
towards the opposite side to that in Fig. 279. 

To project the shadow of a due on a cylinder; the former in 
a vertical and tlie latter in a horizontal position. 

Let A, Fig. 280, be the side view of the cylinder npon which 
the shadow is to be projected, and b the disc. Draw an end 
view c and n of the ol^'eots at th^ distance. From any point e, 
on circomference of disc B,draw the horizontal line t to the edge 
view D of disc, intersecting it at t ; from the point e in disc n 
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draw the diagonal ; from the point t, in edge view of disc d, 
draw the relative angle of light, intersecting the ciroumference 
of cylinder o at ii ; from the point u draw the horizontal line/, 
intersecting the diagonal drawn from e at the point rr, which 
vnH he a point in the projection of the shadow. 

From any other points, as at k and p, in edge view of disc 
D, draw lines parallel to t u, intersecting the cylinder o at A 
and q, and from k and p draw the horizontal lines m and n. 




Fig. 280. 

intersecting the disc b at ^ and r ; from g and r draw the 
diagonals parallel to ^ a; ; from h and q draw the horizontal 
lines V and w, intersecting the diagonals drawn from g 
and r in disc b, at o and «• A cnrve line passing through 
the points x, o, 8, o, will he the projection of shadow re- 
quired. 

Note. — ^As in other examples, if the cylinder were placed 
vertically, with the disc in the same relative position to it, 
the process would he similar, the shadow being on the left- 
hand side of disc. 



2(9 jyrqject the shadow of the square thread of a common 
icreio on the inner surface, the position being vertical. 
Let A, Fig. 281 1 be the body of screw on which the shadow 
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IB to be projected. Draw a plan b of the object. Prom any 
point d, on lower edge of thread in front view a, draw the 
diagonal ; also from d draw a vertical line, intersecting the 
plan of the thread at e ; from e draw the relative angle of the 
light, interaecting the inner circumference at/; from/ draw 
a vertioal line, intersectiug the diagonal drawn from d in front 
view A at g, which will be a point in projection of shadow. 
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Proceed in a similar manner to find other points as at h, i, 
&e., through which a curve line passing will be the piojectioD 
of shadow required. 

Note. — When the screw is in a horizontal position, aa 
shown at o, the process is the same, the shadow being pro- 
jected towards the opposite end, the diagonals being in the 
opposite direction relatively to the thread shown at a and b 
just descrihed. The light is in the same direction, bat the 
thread being more directly opposite the light, the curve of 
shadow, aa will be observed, is not the same as when the 
object is vertical. The process in either position is the same 
as at Figs. 266, 266. 



To pnyect the thadoai in a vertical half cylinder, having 
iti ujyer end at right angUt to its imi. 
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Ijet A, Fig. 262, be the front view of the object on whicb 
the shadow U to be projeoted. 

Dnw a plan b of the object ; from the point c, in front 
view A, draw the diagonal ; from 
the coiresponding point h in 
plan B draw the relative angle 
of light, intersectiDg the inner 
circle at n; from n draw the | 
vertical line n p, intemecting 
the diagonal drawn from e 
o in front view a ; o p will be 
thtf vnjectioii of the shadow 
of tiie side e d oi cylinder. 

In i^n B draw a tangential 
line r *, parallel to A n, the ' Tig. ags. 

point of contact being u ; from u draw a vertical line, int«r- 
aecting the tipper end of front view a at v ; draw any other 
line, as at x, parallel to A n ; from the point of intersection / 
draw a vertical line t ; from the point of its intersection with 
tipper line of cylinder a draw the diagonal y parallel to q o; 
from the point of intersection of ic at « in plan b draw a 
vertical line, intersecting the diagonal y&tz; v, z,o,p will be 
the projection of shadow required. 

Noiz. — The process is the same when the object is hori- 
zontal, the shadow being in the of^osite side to that at Fig. 




To project the thadotn in vertical half eyUnden hadng 
flat, convex, or concave covert, at right anylee to the <u^s of 
cyUndere. 

(As the process is similar in each example the reference 
letters apply to either.) 

Let A, Fig. 283, be the front view of the object on which 
the shadow is to be prcijected. 

Draw a plan b of the otiject. 

From e in front view a draw the diagonal e d; from the 



PROJECTION OF SHADOWS. 



corresponding point m in plan b, draw &e relative angle of 
the light ; from the point n in plan b, where the line m n 
intersects the inner circle, draw a vertical Hue n p, intersect- 
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ing the diagonal c i in o ; op will be the piojoctiou of the 

ehadow of the side of cylinder c I, 
In plan b draw any nnmber of lines, tst m, parallel to m n ; 
from the point i In plan b draw a vertical 
line, intersecting the lower line of cover 
at q ; from q draw a diagonal parallel to 
c d ; from the point x in plan b draw a 
vertical line, intersecting the diagonal 
drawn from q in view a at y, which will 
be a point in the projection ot shadow of 
the cover ; find other points eimilariy, 
through which a cnrve line passing will 
form, with the shadow of dde ot 
cylinder already fonnd, the projection 
of Bhadow required. 

In projecting the shadow of the cir- 
Fig. SB4. cnmferenco of cover in o. half cylinder, as 

at Fig. 284, llie process is the same as at Fig, 28B, just 

described. 
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To project the shadows in inclined half cylinders. 

Let A, Fig. 285, be the section of a cylinder, having its 
cover ^ r in a line with the light, and b the section of a 
cylinder having its cover at right angles to the light ; the 
covers of each cylinder being at right angles to its axis. 

On 6 as a centre, in the line q r, on the centre line of 
cylinder gf, describe a semicircle c g n, representing a plan 
of half cylinder a. Draw the diagonal c g, from which it 
will be obvious that the shadow projected by the side of the 





Fig. 285. 

cylinder o d will fall on the centre line gf, and, as the line , 
of cover i; r is its own diagonal, there is no projection of 
shadow except at ef. 

In cylinder b, on the intersectional point m as a centre, in 
the line i k, and centre line s t, describe a semicircle, to 
represent a plan of half cylinder b ; draw the divisional lines 
at right angles to the line i k, as shown ; make the length m n 
equal to the distance m Z, and n will be a point in the pro- 
jection of shadow. Also make x v equal to the distance x ti, 
and V will be another point for the shadow. It will thus be 
qnite obvious that the shadow will be a semicircle, similar to 
the plan of half cylinder b. There is no projection of shadow 
from the sides of cylinder b. The line efin cylinder a, and 
semicircle in cylinder b, being the projections of shadows 
required. 

To proje^ tfpe shadoic of the end of a hoUow cylinder which _ 
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is at right angles to its cuds, on an inclinsd plane wiikin the 
cylinder,* 

. Let A, Fig. 286, be the end view of cylinder, and b the 
inclined plane upon which the shadow is to be projected. 

Draw a side view (or longitudinal section) o of the objects. 
From any point d in end view a draw the diagonal d ei 




Fig. 28e. 

from d draw the horizontal line /, intersecting the line h % 
at g ; from g draw the relative angle of light, intersecting the 
inclined plane at k ; from the point k draw the horizontal 
line m, intersecting the diagonal d e bX l, and I will be a 
point in the projection of the shadow. Find other points 
similarly, through which a curve line n passing will be the 
projection of shadow required. 

To project the shadow of a horizontal straight object upon 
an inclined plane. 

Let A, Fig. 287, be the plan of the inclined plane upon 
which the shadow of the horizontal object e diaio be pro- 
jected. Draw a side views of the objects, h i being the side 
view of straight object, and h t of the inclined plane. In 
plan A, from any point e, on the line c d (the £irther to the 
right such point is chosen the greater the depth of the 
inclination, and the more correct the result is likely to be), 

* This projection is similar to that produced by the open end of a 
steam pipe on a throttle valye. 
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draw the diagonal e f ; from the point e draw a vertical 
line e g, intersecting the line h i, in side view b, at </ ; from g 
draw the relative angle of light g p, intersecting the plane h t 
at p ; from p draw a vertical line, intersecting the diagonal e/ 




Fig.287« 

in plan a at r ; from the point c in plan a, and through the 
point r, draw the line c s, which will he the projection of 
shadow required. 

Note. — If the objects were vertical the projection of 
shadow would be found by the same process ; the shadow 
being at the opposite side to that at Fig. 287. 

To project the shadows of paddle floats on a plane adjacent 
and at right angles to their central aads.* 

Let a, Fig. 288, be the end views of the floats, and d the 
plane on which the shadows are to be projected. From a 
draw the diagonals ; set off the length a b, equal to the dis- 
tance of lower end of float from the plane ; set off the length 
b c equal to the length of float ; draw 6 /and c g each parallel 
to a e. Proceed in the same manner with the others for the 
projection of shadows required. 

* This and the following diagram. Fig. 289, in one sense belong to 
the first series of shadows, and the diagrams Figs. 290 and 291 to the 
second series. But as the four diagrams are different views of the 
Kune object it will be found more convenient to arrange them as here. 
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Fig. 388. 

To project the shadow of a paddle ring on a horizontal 
plane [or float). 

Let A, Fig. 289, be a plan of the float on which the shadow 
of the ring x is to be projected. 

Draw a side view b of the objects. Divide the float/ in 
view B into any number of parts, as at 1, 2, 8, &c. ; from 
these points draw vertical lines, intersecting the inner and 
outer circumferences of ring ; produce these lines to plan 
of ring in view a, intersecting it at 5, 6, 7, &c,; from the 
points on lower side of ring d e draw the diagonals ; set 
off the length 5 s equal to the height 1 a in side view 
B, and 8 will be a point for the shadow of the outer cir- 
cumference of ring. Proceed in a similar manner to find 
other points, through which a curve line k passing will be 
the projection of the shadow of the outer circumference of 
the ring. 

From the points in the upper side of the ring gh in plan a, 
where the vertical lines intersect it, draw the diagonals ; set 
off the length m n equal to the height 3 c in side view b, and 
n will be a point for the shadow of inner circumference of 
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ring. Prooeed in a similar manner to find other points, 
ihrough which a curve line p passing will be the projection 




Sr^^ 



Fig. 289. 

of shadow of inner circumference of ring, and which, with 
the curve for outer circumference k, will be the projection of 
shadow required. 

To project the shadow of a paddle ring on an inclined 
plane (or float in an incUned position). 

Let A, Fig. 290, be a plan of the float on which the shadow 
of the ring x is to be projected. 

Draw a side view b of the objects. From any point c on 
the lower edge of ring d e in plan a, draw the diagonal ; 
from c draw a vertical line/, intersecting the outer circum- 
ference of ring in side view BB.ik; from k draw the relative 
angle of light, intersecting the upper line of float at I ; from I 
draw a vertical line, intersecting the diagonal drawn from c 
In plan a at m, and m will be a point for the shadow of the 
outer circumference of the ring. Proceed in a similar 
mannex to find other points, through which a curv^ line € 
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passing will be the projection of shadow of ont^r cirenm* 
ference of ring. 

From the point t in side view b, where the relative angle 
of light intersects the inner circumference of the ring, draw a 
vertical line u, intersecting the upper line of ring gh in plan a 




Fig. 290. 

at r; from r draw the diagonal, intersecting the line 
drawn from I at s, and s will be a point for the shadow 
of inner circumference of ring. Proceed in a similar 
manner to find other points, through which a curve line z 
passing will be the projection of shadow of inner circumfe- 
rence of ring, and which with the curve for outer circumference 
0, will be the projection of shadow required. 



To project the shadow of a paddle float on another adjacent^ 
both being inclined. 
Let A, Fig. 291, be a plan of the objects. It is re- 
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qnired to project the shadow of npper float o on the lowei 
float D. 

Draw a side view b of the ohjects. From the point e in 
plan of float o draw the diagonal ; from the point k in side 
view B, corresponding to « in plan, draw the relative angle of 
light, intersecting the upper line of lower float at n ; from n 
draw a vertical line n p^ intersecting the diagonal drawn 
from 6 at o; op will he the projection of the shadow of edge 
g oi the upper float o« 




In upper float o in plan a, from the point r (which coincides 
with the point/ in side view b) draw the diagonal; from the 
point/, in upper float in side view b, draw the relative angle of 
light, intersecting the upper line of the lower float at a ; from b 
draw a vertical line, intersecting the diagonal drawn from r in 
plan A at « ; join t o, intersecting the line of float ft t at a? ; .r <r 
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will be the projection of the shadow of the end of float r «, 
and, with o p, will be the projection of shadow required. 

To project the shadow of a rectangular vertical object on a 
tpherical body. 

Let A, Fig. 292, be the front view of the sphere upon 
which the shadow of the rectangular object ^/ is to be 
projected* 

Draw a plan b of the objects. Draw the centre line t ft in 
both views a and b. Divide e f ia front view into any 
number of parts, as at 1, 2, 8, from which points draw the 
diagonals e x, &c. ; through the centre e of sphere a draw a 
line Z m at right angles to the line e x. On the plan of 
sphere b draw the ellipses, or plans, n, o, &c., of the oblique 
sections x of sphere a,* in each of which the major axis will 
be on a vertical line drawn from the point of intersections of 
the line I m and the sectional line x in front view a. A part 
only of each ellipse is sufficient, as shown. From the point h 
in plan b, corresponding to e in front view a, draw the rela- 
tive angle of light h p, intersecting the ellipses n, o, &c., in 
the points y ; and from the points y draw the vertical lines 
r, q, &c., intersecting the corresponding diagonals from «, &c., 
in front view a, at s, t, u, &c. Through these points a curve 
line passing will be the projection of shadow required. 

Another method is as follows: — ^Draw horizontal lines 
across the front view of sphere a ; and from the centre of 
plan of sphere b draw circles of diameters corresponding to 
the lengths of the horizontal lines in front view a ; from the 
points where the relative angle of the light h p intersects the 
circles in the plan b draw vertical lines intersecting the corre- 
sponding horizontal lines in front view a. A curve line 
drawn through the intersectional points will be the projection 
of shadow. 

To project the shadow oj a vertical disc on a spherical hody^ 
* The ellipses are found as described in Chapter XIII., Fig. 18SS. 
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Fig. 293. 
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Let A, Fig. 298, be the front view of the sphere upon 
which the shadow of disc/ (i, ia to be projected. 
Draw a plan b of the otgecta. Draw the centre line ikm 
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botii views a and b. On each centre line ik, with half the 
diameter of disc as a radius, describe a part of a circle, 
representing as much of the circnmference of disc as la 



PROJECTION OP SHADOWS. 199 

necessary for projecting the required shadow, as the quad- 
rants I and m in views a and b, 2 in plan b heing in the rela- 
tive position to m in front view b. Divide each quadrant 
into, say six equal parts; from the divisional points draw 
the horizontal lines o and n, &c., in each view a and b, inter- 
secting the plan 1 e, and front view/ d of disc, at 2, 8, 4, &c. ; 
from these points on disc/ d in front view a, where the hori- 
zontal lines intersect it, draw the diagonals 5 Xy &c. ; through 
the centre c of sphere a draw a line ^ ^ at right angles to 
the line 5 x. On the plan of sphere b draw the portions of 
ellipses, as shown, heing plans of the ohUque sections x in 
front view of sphere a, in each of which the major axis will 
be on a vertical line drawn from the points of intersections of 
the line g h and the sectional lines x in front view a« From 
the point 1 in plan b (corresponding to 1 in front view a) 
draw the relative angle of light w ; from the points 2, 8, 4, 
&c., draw lines parallel to tr, intersecting their corresponding 
ellipses in y ; from the points y draw vertical lines p, inter- 
secting their corresponding diagonals from 1, 2, 8, &c., in 
front view a at s, t, u, &c, ; through which points a curve 
line passing will be the projection of shadow required. 

To project the shadow of an elongated sphere on a plane 
parallel to its axis. 

Let A, Fig. 294, be the front view of sphere, and m 
the plane on which the required shadow is to be pro- 
jected. 

Draw a plan b of the object, and a straight line c dio 
represent a plan of the plane m. 

FntSTLT, In plan b, from the centre e of the object, draw 
the relative angle of light ef. 

Secondly, Through the centre e draw a centre line g h at 
right angles to the line «/, and upon it draw another view i 
of the object a. On this view it is required to find a sectional 
line which will divide the light from the dark side of the 
object, for which purpose it is necessaiy to project the rela- 
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tive Angle of light In* and 8 t, each tangentially to the 
object, at r and u respectively. Draw a straight line r u 
between the tangential points, which will be the side view of 
the section required. 




\ \ \\ M 



Vx \\ y 



Fig. 294. 

* In represents the entire length of the line ef, which in yiew b ib 
obflerred (as in the other diagrams of this second series) in its oblique 
position. 

^ The length of the line / m in view i is eqnal to the length of the 
line ef as shown, and parallel to it ; the distance mn is equal to if 
in i)1ane ed. The angles mln and i^/are therefore obviously dLs- 
limilar in the views b and i. 
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TjfliKDLY, From the points u and r draw the lines u v and 
r w, each at right angles to the centre line g hy and divide 
the space between these lines by a number of parallels 
(equal parts on either side of the centre of the length of the 
object are more convenient in this instance, as, both ends of 
the object being similar, one series of corresponding circles 
in plan wHl prevent confusion), 

FouETHLY, Transfer these divisional lines from side view i 
to front view a. 

Fifthly, On the plan b of object, from the centre «, with 
radii equal to the halves of the diameters of the transverse 
sections a &, &c., in front view a, draw the circles 8, 4, &c., 
and from the points 5, 6, 7, &c., in side view i, draw lines 
parallel to the centre line g h, intersecting their relative 
circles in plan b* A curve line drawn through the points of 
intersection will be a plan, in its oblique position, of sectional 
line r uin side view i. From the same points of intersec- 
tions in plan b vertical lines to the respective transverse 
sections a 5, &c., in front view a, will give intersectional 
points, through which a curve line z drawn will be the 
front view, in its oblique position, of the section r u in side 
view 1. 

Sixthly, On plan b, from the points in the circles inter- 
sected by the curve, draw the line y x, &c., parallel to ef^ 
intersecting the plane c d in the point ic. 

Seventhly, From the intersectional points of curve z with 
transverse sectional lines a 6, &c., in front view a, draw the 
diagonals. 

From the point x, in plan b, draw a vertical line, inter- 
secting the diagonal drawn from the intersectional point o, 
in front view a, at A; ; k vidll be a point in the projection of 
the shadow. Having similarly found a sufficient number 
of points, a curve (p) passing through them will be the pro- 
jection of shadow required. 

Note. — The process just described is equally applicable in 
projecting the shadows of objects of a similar kind at any 

K 8 
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moderate distance from the plane on which the shadow is to 
be projected. 

To project the shadow of a ring of circular section on a plane 
at right angles to it* 

Let A, Fig. 295, be the side view of the ring, and b the 
plane on which the shadow is to be projected. 

Draw a straight line stio represent a plan of the plane b. 
Draw a plan o of the ring at its distance from the plane s t. 
On plan o draw the relative angle of light ef\ and, from its 
intersectional points x with outer and inner circumferences 
of the ring, draw vertical lines v, which for each side of the 
individual section will be the width or minor axis of elliptical 
sections in side view a. 

Describe the ellipses g and A.* 

Draw the diagonals i k tangentially from g and A. From 
the point / in the plane s t draw a vertical line, intersecting 
the diagonals drawn from A at o and n ; and from g at 
m and I on the plane b respectively; o, n, and m, Z, will each 
be points in the projection of the shadow. Proceed in the 
same manner for finding other points by drawing lines as at 
p r, &c., parallel to e f, in plan o ; curve lines passing 
through the points found will be the projection of shadow 
required. 

Note. — In projecting such a shadow on a larger scale, a 
good many sections would be required to ensure accuracy, 
and these would produce much confusion from the multi- 
plicity of the sectional lines and ovals. But this confusion 
may be obviated. Having drawn the permanent side view, 
as at A, Fig. 295, make as many side views with their plans, 
of the same size, separately in pencil, as there are to be 
sections, the sections obviously in all the views being dis- 
similar. Having thus projected the points under each view 
from its section, trace an outline of a side view ; place it 
above each of the other side views and trace the several pro- 

• See Figs. 183 and 257. 
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jected points fonnd on each, under iJie one side view on the 
tracing. The tracing can be placed on the permanent draw- 
ing, and the points on the tracing pricked through ; or, by 
first marking the points with a soft pencil on under side ol 




Fig. 296. 



tracing paper, placing it in position and rubbing over the 
top side, there will be left a suJfficient mark on the paper to 
enable the curve lines to be drawn in, giving projection of 
shadow required. 
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To project the shadow of a half ring {or eUbovo pipe) of 
circular section on a plane at right angles to it, either hori- 
zontal, as in last example, or vertical, as in subjoined diagram, 
Fig. 296. 

The same process is followed exactly as described at 
Fig. 295 — A, Fig. 296, being the front view of the ring, 
B the plane on which the shadow is to be projected, and n 
the face view of the object. 




Fig. 290. 

The curve lines d and e are the projection of shadow. 

Projections of shadows of other objects might be given 
and multiplied almost indefinitely, but for all ordinary 
engineering purposes those given in this chapter will be 
found amply sufficient. 

Note.— Before shading, the extraneous pencil lines for 
finding the several points in the projections of the shadows, 
and which should always be drawn very lightly, must be 
rubbed out carefully, so as to save the line of shadow only. 
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CHAPTER XYI. 

SHADING AND OOLOXJRING. 

TiiE eye is naturally educated to recognise the form and 
distance of the ohjects which surround us from their lights 
and shades. The draughtsman's effort in shading is to de* 
ceive the eye hy representing shadows as well as ohjects on 
the flat surface, thus making the latter appear to stand out 
in relief. The more perfect, therefore, the lights and 
shadows on the drawing, the more natural it will appear. 

Any degree of taste and finish may he put into a shaded 
and coloured mechanical drawing, depending upon whether 
it is for working to, as a design, or for a picture, and 
whether such drawing is required quickly or not. It is 
hardly possihle to make a first-rate, highly-finished shaded 
drawing quickly, though much depends, of course, on the 
ability of the manipulator, correctness being, in all cases, 
the first essential. 

Summer is the wor^t part of the year for shading, the 
paper being so dry. Winter will be found always best for 
this operation, as under any circumstances the paper is 
damp. 

Having a holder of the proper length (Chapter VI.), with 
proper sized brushes, one on each end, it is necessary to 
put a mark on the colour brush, which must be always used 
for the tint, the brush on opposite end being used for water 
only. 

A small brush, unless for small objects, should never be 
used for anything larger than what it was intended for, as 
it will not lay on the tint equally ; a brush of the proper 
size with a good point not only does the work better, but 
also quicker. 

A brush, if laid down moist at any time, is apt either to 
soil or to get soiled, to obviate which, the little tumblers 
(referred to in Chapter YI.), having indentations round the 
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rim, will be found handy for laying the brush across, 
besides containing the water for shading purposes. A very 
good brush-rest can also easily be made by cutting the edge 
of a little pasteboard box into notches like saw teeth. 

Two kinds of palettes (Chapter YI.) are necessary, one 
having a sloping recess for rubbing down the Indian ink, and 
having three or more little cups in it for mixing up the tints ; 
the other having three or four sloping recesses only, for 
rubbing down each colour separately, for using each by 
itself, or before mixing. 

Tints should never be made by artificial light ; if it is 
necessary to shade at night, they should be mixed up by 
daylight. 

One colour should never be rubbed down among another, 
as in all likelihood it will be laid aside to dry with other 
colour on it. Colours should never be taken off the cake 
with the brush, as by repeatedly doing so hollows the cake, 
and renders it unfit to rub down when required; neither 
should they be dipped into the water for common use, for if 
good (as they should be) they soon crack and crumble to 
pieces ; the proper way is, to rub them down on the palette, 
having put a very little water in it previously by the brush. 
A common card bent up half an inch at one end, upon which 
to place the Indian ink immediately after using, vdll be found 
useful ; otherwise it is likely to soil everything mth which it 
comes into contact. 

The neutral tint for shading engineering drawings, and 
which generally gives satisfactory results, is composed of 
Indian ink, Prussian blue, and crimson lake, to which some 
draughtsmen add a little gamboge to give the tint a greyish 
hue. The tint should not be too dark, as by using light 
tints, and going frequently over the shadows, they can be 
better modified and corrected every time the process is re^ 
peated than by using dark tints. 

To keep tints from evaporating over night, the little 
«< cabinet nests *' (Chapter YI.) are requisite, or (to descend 
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to a common article) old pomatum pots, having. a lidj are 
very good ntensils for preserving the tint. 

If one or two days are required to go all over an intricate 
drawing once, it is best to mix up fresh neutral tint for every 
coat, as even the best colours change in the course of a day 
or two though covered up from the light in a close pot; much 
of the blue disappears, leaving the tint similar to a mixture 
of lake and Indian ink alone. Should a tint evaporate a 
little in the course of a night, when it is wished to use it 
again the next day, there will generally be seen a mark round 
the dish ; if water is added filing up to this mark, it will 
restore nearly the same degree of tint. 

Tints left to dry completely upon the palette should never 
be moistened again for use, but should be washed clean out, 
and fresh tints made up for the occasion ; Indian ink, espe- 
cially, if dried up and moistened again for neutral tint, in- 
variably leaves brush-marks in the shading. 

In using one tint in a palette having other tints in the 
several recesses, it will be found safer to cover up those not 
being used at the moment with a card. 

The proportions of the colours composing the tint through- 
out a drawing should never be altered. Every time the tint 
is used, it should be stirred up with the colour-brush. If an 
ordinary tumbler is used for the water, it should never be 
more than one-third full, otherwise every time the water- 
brush is put into it, it would wet the holder unnecessarily. 

The palette, with the shading tints, and tumbler containing 
the water, should lie before the operator, placed upon the 
drawing on a sheet of thickish paper, so as to keep the 
drawing clean. 

Fluid colours should never be passed across a drawing, 
but around it. 

When shading, there should always be a sheet of clean 
white paper placed on the drawing under the hand, close to 
the part to be shaded, to preserve the drawing from any 
perspiration, which would prevent the paper taking the tint 
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easily; this sheet of paper should also extend below the arm, 
to keep the drawing clean. 

There is another method of keeping a drawing clean, 
which will be found in the latter part of Chapter IX. 

Damping large surfaces by a large water-brush in warm 
weather, either for flat or round surfaces to be tinted, is 
quite necessary ; otherwise the tint is apt to dry too quickly, 
and leave cloudy marks. The surface should not be too wet ; 
clean blotting-paper being applied to take off the superfluous 
water, which if allowed to remain causes the dampest places 
to bticJde up, and renders the tint difficult to put on equally, 
being apt to settle in the lower parts. It is easier, therefore, 
to do shading in the winter, the paper not being so dry; 
however, to put on a tint properly, the paper surface must 
be quite flat. 

In shading a cylindrical object, it can be done with more 
facility when its position is horizontal, and with the light side 
next to the operator (the drawing being readily placed in 
any position by turning it) ; it being more difficult to wash 
from than towards you with the water-brush. 

In the objects referred to, either in a vertical or horizontal 
position, the darkest place should be a quarter of the diameter 
from the edge on shade side. Fig. 297, and the lightest place 

about a quarter of the diameter 
from the opposite side ; and 
when in position, either ver- 
tical, horizontal, or at right 
angles to the direction of the 
light, a little reflected light 
Fig. 297. should be shown next the line 

on the shade side, as in example, Fig. 298 ; it should also 
have a little shade close to the line on the light side, in 
contrast to the part that should be lightest of all. 

When such object is inclined in the direction of the light, 
Fig. 299, the shade will be the same at each side, and 
narrower than in position, vertical or horizontal, lightest in 
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the middle, and ha-ring no reflected light close to Itie line on 
either side. When sach object is inclined at right angles 



Fig. aw. Fig. SM. 

to the light, the shadow on the Bbade side ehonld be broader 
than in a vertical or horizontal position. 

Sections of cylinders lying at the angle of 46° shonld 
have the shadow graduated, as at a b, in diagram, Fig. 800, 
independently of the shadow of the side of the cylinder at 
section, and which should come over the graduated part. 



ng.soo. 
The sides of the cylinders at c d should have a shade close to 
the sectional line of cylinder, the part in the middle of the 
right-hand cylinder being the lightest. 

The colonr-bmsh, when abont to apply the tint, ought not 
to have too much in it, or the tint will mn in all directions 
when the water-brush is applied ; and the water-bmsh mast 
not have too much water for the same reason. 

If at any time the tint should get beyond the line by acci- 
dent, the best way is to pDsh it hard within the line by the 
finger ; in most cases it will come back and stop abont the 
proper place ; this will be found better than attempting to 
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wash ofif the excess with the water-brush, which would only 
tend to increase the error. 

In shading, the brash should be held in as vertical a iiosi- 
tion as possible ; it will be found much easier to keep any 
boundary line. Before every application of the water-brush 
to the shading it should be washed in the tumbler, and the 
superfluous water taken off, by either drawing it between the 
lips (for which reason the mouth should be rinsed out clean 
before shading, especially after meals, as the brush must be 
quite free from greasy matter), or the brush might be applied 
to blotting-paper. 

In commencing to shade a cylindrical object — say, of two 
inches in diameter and six or seven inches long — begin at 
a quarter of the diameter from shade side, and put on the 
tint, about a quarter of an inch broad for the first coat, in 
short lengths at a time, washing off the side next the middle 
of cylinder first, as it is of more consequence than the edge 
of tint next the line. The water-brush should be drawn 
along as straight as the shadow is required to be, and a little 
in beyond the edge of the tint, taking care that the end of 
the tint does not get dry before the next little length is added 
to it * In making the shadow with brush and tint, a part 
just done ought not to be gone over again until it is almost 
dry, otherwise it will run into clouds, though it is easier to go 
over it again before it is quite dry. As all shaded surfaces 
ought to h^ive the same number of coats each, by the time 
the last part in an ordinary sized drawing is gone over, the 
first will generally be sufficiently dry for commencing on 
again. For such a length as six inches three lengths would 
be sufficient for the shade, though an adept at the work 
can take such lengths as six inches and more at a time. 
When this first coat is dry enough it should be gone over 

* If any loose spec or hair appears during shading process it should 
be removed with the point of the penknife at once, for such little 
things suck up sufficient tint by capillary attraction as to leave a white 
mark when the tint dries. Brushes should always be laid aside as diy 
as possible to prevent the hairs rotting and coming out. 
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agam broader, about an eighth of an inch more on each side 
of the last coat. It is better if this is done in two lengths, 
BO as to hide any faults in the joinings of the first coat, taking 
care at every coat not to stop at a former joining of tint. The 
third time may reach to the line on shade side, over the 
reflected light, so that in other coats it will not be necessary 
to wash it off with the water-brush next to the line, the con- 
trast between the darkest place and that next to the line 
being then sufficient ; the tint may then start from the line 
of shade side, and when approaching nearly the centre of 
object a lighter tint must be used, by taking a little of the 
shading tint into another of the palette-cups and adding a 
little water to it. 

Cylindrical objects, larger or less in diameter than that 
referred to, must have their breadths of tints in each coat in 
proportion. Bound rods of such small diameter as one- eighth 
of an inch can hardly be shaded nicely with water so as to 
look effective; in these cases it is better to take a fine 
brush and light tint, beginning narrow and making it a little 
broader every new coat, without water. 

For very large cylindrical objects, after being damped, it 
is better to have three or four gradations of tints and a brush 
belonging to each, beginning with the darkest, and the last 
pure water. By such a method the shading is less apt to get 
streaky, and it is better under such circumstances than dip- 
ping the tip of the colour-brush into the water every time 
such broad shade is gone along by way of graduating it more 
effectively. 

Shadows should be darkest next the objects that project 
them, and graduated out to the extreme edge of the shadow, 
as the shading on any cylindrical object. A lobg narrow 
surface, to be graduated in the length, from dark at one end 
to light at the other, can be done with one dip of the brush 
of the proper size in the tint ; the surface will get lighter 
going towards the light end as the tint recedes from the 
brush. 
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Tbe sliadow of one otject ehonld not cross the Ehadow of 
anotlier adjacent to it, aa will be Bometitnes obBerred in a 
room liaving two or more artificial lights. 

Freqaently in drawings, in many little details, eectiong, 
&c„ shadows are put where they should not be. 

If it is required to show a ieetional plan e d. Fig. SOI, 
throngh the solid bnsh at a b, no shadotr 
of the shaft < should appear hifg, being 
a teetwn, and not in its natural state ; bnt 
c >]' if it is a plan, as at i k, of the lower half 

bnsh u, there ought to be a shadow of 
the shaft at 2n, the half bush being com- 
plete in itself and in its natural state. 
A shadow should never be put on any 
sectional surface. 

Id any polished end of a shaft it gives 
, a better effect to show the light radiated 
tcom the centre to the circumference, 
ae at Fig. 802. 




j^ In putting in the shades of six-sided 
figures, such as nuts, the side 8, Fig. 803, 
should have two coats more than the side 
% of the same tint ; 1 shoald not have 
any shading tint, the finishing coloui 
coming over all. 

If throngh inadvertence any part is 

made too dark, aU the other parts must 

Fig. SOI. be darkened in proportion, makiag the 

part allnded to appear lighter by comparison ; * sponging 

* The Mine applies to ooiline dmwiiigs within certain limit*. 
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will then lighten it all equally. A shaded drawing shonld 
never be so dark as to render details almost invisible. 

Flat Surfaces, dc. — ^All flat surfaces in a drawing should 
be darker or lighter, in proportion to their distances, the 
farthest being the darkest. In a front elevation these 
distances can be known from the plan, and in a plan from 
the elevation. The tint must be light, and of the same pro- 
portion of parts as the drawing is shaded with. Suppose, 
for example, that a. Fig. 804, is apian of a series of steps, the 
side view of which is shown at b ; 1, 2, and 8, are equidis- 
tant from each other, but 4 is twice as deep as any one of 
the others. 

In the plan 1 should have 1 coat of light tint. 
2 „ ,, 2 coats of do. 
8 ,, >, 9 » do. 
4 ., ,, 6 ,, do. 






4 


3 


2 


± 



the fourth getting one more coat than the share it would 
have had, had it been equidistant from the others. 

Were the object placed in 
the opposite direction to that 
shown at Fig. 804, the breadth A. 
of the shadows projected from 
each step would also show the 
comparative heights indepen- 
dently of the flat tints. Hence 
it is quite impossible to do a -q 
properly shaded view of an 
object having many parts in 
combination, unless their se- 
veral distances are known. The ^^* ^^ 
same rule holds good in elevations and other views of 
objects. The common way in any case is to put the tint on 
the furthest part first, and when it is dry, to go over it 
again, and take in the next nearest to the eye and so on. In 
going over such surfaces it is better not to begin at thf 
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game place with every new coat of tint, as the bniEih is very 
apt to leave more tint at the place began at, so that to begin 
repeatedly at the eame place wonld make it darker than the 
rest of the surface. The tints should come over any dark 
shadows that cross the flat surfaces equally with the other 
parta of the same surface where there are no such shadows. 
If there are two views of the same object side by side, as 
at b and a, Fig. 806, c being a section, b being complete, and 
a having the little square part d removed to show stmctnre, 
the corresponding parts of a and b should be exactly of the 






Q 



Tig. SOS. 

same depth of tint, as tbey are both supposed to be at the 
same distance from the eye, or in other words the same 
object with a part removed. The same rule applies to more 
intricate objects. 

In putting a flat tint on a large broad surface, after being 
first damped, the board should be blocked up about two or 
three inches at one end, and the process begun with a good- 
sized brush at the raised end of the drawing, putting plenty 
of tint on and spreading it the whole breadth, keeping the 
front of tint as horizontal across as possible, and always 
taking care to stir up the tint mixture at every dip of the 
bmsh. The tint collecting in front, prevents the drying and 
clouding. When the surface has been gone over, and the 
last loose colour drawn into a comer by the colour-brush, 
having previously wiped any remaining colour out of it, the 
bnard should be laid down flat again to allow the tint to dry, 
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otherwise it would ran a good deal to the lower end of the 
board, making the sorfaee darker at the lower than the 
npper end and cloading. As every flat surface, however 
light it is to be, is the better for having two or more ooata, 
raise the opposite end of the board and repeat the process, 
beginning at apposite end of the surface, laying the board 
down flat immediately after each coat. 

In any intricate sorfaca to be flattened, such as framing 
with several diagonals, &e., where it wonld be imposoible to 
keep all the diflerent ends of the tint moving on alternately 
withont drying, a convenient way is to have joinings at 
enitable places so as to allow each part to be finished sepa- 
rately, joining one place to another after the first is quite dry. 
In making snch joint it is best not to have it straight across, 
which ia more easily observed than a joint fanned hke saw 
teeth, but in angles more aonte. When gone over several 
times and the joints thna made at difiereut places for the 
several coats, and sponged when all the shading is ready for 
that process, if done properly, no joining can he detected. 

Flat Borfaces should have a little light on the top and 
left-hand edges (or those opposite the light) of all projecting 
parts. This is effected by leaving the required space when 
putting on the flattening tint at every operation, thongh the 
finishing colour should come to the line. 

Where there are flush or level joioings as at a and b. 
Fig. 806, no light should be 
shown, as in such form it is 
the same as one soUd. 
sections, the part sectioned 
should have a slight tmt.* 

CyliBdrioal objects, such as ' 
columns, &c,, at various dis- "*■ ** 

tances from the eye, should have such light washes of tint 
all over them in proportion to their distances as will throw 
out those which are nearer the eye. Throvring back round 
* [4(^c(ianal work is abo refaired to farther OD in this cbHpter. 
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surfaces by a light tint over them is not generally adopted in 
mechanical drawings, though when it is done, the effect is 
admitted to be better. 

All surfaces ought to be tinted and set back to their 
proper positions in distance before sponging, and should not 
be touched with the tint afterwards, unless for little repairs. 

The accompanying shaded Tuscan order, Plate 11., is 
given to show the ordinary depth of the darkest tints in a 
finished drawing, as also the depth of the flat tints relative 
to their degree of projection, the projections facing the 
observer being the same as the profile to the right. 

If a drawing is to be sponged, no finishing colours or 
shade lines are put on before such process, and the latter 
only after all the tints and colours are put on. An ex- 
perienced draughtsman is not supposed to use a sponge to 
his shadows, though the cases are rare in which the 
shadows are so perfect that sponging would not still 
farther soften them. The shaded drawings of those who 
are not accustomed to the process are always improved 
by the use of the sponge after having received five or six 
coats of thin tint. A beginner has difficulty in keeping to 
the line with his brush, and the excesses over the line are 
hardly ever in the same place, and as the tint is light, the 
sponge takes them off and softens down the legitimate 
shadows. 

To sponge a drawing once after six or seven coats is suffi- 
cient. The surface of the paper, after the operation, gene- 
rally takes the tints more easily, as it should receive two or 
three coats afterwards (the flat surfaces excepted). Some 
drawings are softened by going over them with a flat soft 
brush and water, before the finishing colour is put on ; this 
requires some skill so as not to take off too much of the 
shading tint. 

A drawing, when ready for sponging, should be quite dry, 
otherwise — parts thus sponged would be made much lighter. 
Neither should a drawing undergo the process iiamediately 



Hate. II. SHADED TUSCAN ORDER, 
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after being held to the fire to dry, or the first application of 
the sponge wonld, by the tint it always removes, leave a 
dark mark on the paper, which, drying qnickly, no amount 
of sponging wonld ever take out again without injuring the 
surface of the paper. A drawing for the process must be 
dry and cold. A common tumbler is too small for the 
process for any sheet above eighteen inches square, a large 
bowl or basin, or two of either, being better, as a considerable 
quantity of dirty water has to be squeezed out of the sponge 
from the removal of tint from the drawing. Having taken 
the close grained 6-inch sponge and saturated it (not too 
fully), with water, all the white surface of the paper should 
be wetted well before going over the tinted part, so as to 
prevent iiie tint taken off by the sponge adhering to the dry 
white part of the sheet. The dirty water should be squeezed 
out, and with a fresh supply apply the sponge over all gently 
two or three times until scarcely any or no tint comes off, 
and keeping within an inch of the edge of the paper so as 
to preserve the gum joint. Large shadows are seldom so 
perfect but that they require in some places a touch of tint 
where they are lighter than they ought to be, and this before 
putting on a finishing colour over all. When the tint is put 
on in the way of repairing — ^it should be perfectly dry before 
being touched again, as when moist it looks always darker. 

In such instances, when the paper takes a considerable 
time to dry — as in winter, a want of patience may prompt 
the draughtsman to apply a hot iron within a short distance 
of the drawing, a plan frequently resorted to in drawing- 
offices for drying a drawing quickly, when not intended to 
be highly finished ; but neither that, nor the common prac- 
tice of holding a drawing over gas-light, in the absence of a 
fire, is to be recommended. A better way is to heat a sheet 
of drawing paper at either the fire or the gas and hold it 
sufficiently distant from the drawing so as to dry it without 
injuring it, though in all cases it is best, when circumstances 
will permit, to let a moist drawing dry naturally. Holding 
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I drawing to the fire, if the paper has been properly stretched 
at first, is very apt to split it. 

A stretched sheet of paper on a board having a drawing on 
it occupying a small part of the paper just damped with the 
shading, if held to the fire for the purpose of drying it 
quickly, is apt both to crease the sheet and split it. 

For finishing colours or tints for malleable and cast iron, 
brass, copper, wood, &c., a great deal depends on the taste 
of the individual. In engines, and machinery, some prefer 
them washed all over with thin neutral tint, blue predomi- 
nating in greater proportion. For malleable iron, the tint 
referred to is always used, but for cast iron there should be 
more lake in it, having more of the hue of writing ink. For 
any round or cylindrical object it is better to shade with the 
finishing tint once or twice over, it blends better with both 
shading and finishing tints when the drawing is finished. 
Green is sometimes used for cast iron, assimilating it to the 
paint on the machine it is intended to represent ; a locomo- 
tive boiler, for instance, in a pictorial drawing is generally 
made the colour of the thing itself. In all such cases it 
should be a yellowish green, which, when put on above the 
neutral shading tint, having blue in it, makes the proper 
green. In all such cases the finishing colour must be well 
watered, even if necessary to go over it twice, which indeed 
in most cases is better, as it tends to equalize inequalities. 
Dirty green colour, on a ground shaded with pure Indian 
Ink, as is sometimes the case, never looks well and ought to 
be avoided. 

In iron work in a drawing intended to be a picture, such 
as the outside view of a boiler where the iron is generally 
painted red, the drawing should show that colour also. The 
&nishing tint for red over all should be composed of lake, 
gamboge, and carmine. Blue as a finishing tint for such 
purposes is very well, in certain drawings only, for the repre- 
sentative colour of iron. 

Light red, or as it is sometimes called Indian red, is used 
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more for minng np with other coloarB snch as for wood, 
brass, &c., than for nse by itself. 

Finitking Tintt. — The finishing tint for hraai is oompoBed 
of gamboge, yellow ochre, and light red ; for wood, of 
gamboge, yellow ochre, and a little burnt amber ; for ccqiper, 
of gamboge, yellow oohre, bnmt umber, and lake (the latter 
predominating). 

The finishing tint for itoM Beema to vary with the ideas of 
the individoal, though a veiy good tint is composed of gam- 
boge, light red, and bnmt umber. 

Finishing tints shonld never be mixed np at night, as by 
artificial light it is difficult to jndge of them properly, espe- 
cially yellows and greens. Snch colonrs, if to be used at 
night, ehonld be made ready in daylight. 

Many coats of a chalky finishing tint over a shadow should 
be avoided, as it will lighten the shadow; and in any coloured 
drawing to be stretched on cloth for framing no chalky 
tints, snch as indigo in iron plate sections, or shade lines, 
shonld be pnt on tiU after it is stretched, and if to be var- 
nished, not nntil after the drawing is sized. 

When wood work occurs, as it frequently does in 
engineering drawings, the best way for graining the side of 
fir or other soft wood is by using the colour for such a por- 
I pose (before referred to) and washing off the edge with 
water-bmsh as at a. Fig. 807 ; for oak with the drawing 
I pen as at a. 



Fig. 30J. 

The latter requires more praotioe to do it effectively than 
Ihe former. In a drawing that is to be sponged the graining 
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or any finishing colours or shade lines should never bo 

pat on pieTiously. In end wood the ink compasses' are 

generally used for the circolar work as shown at a, Fig. 

806, with its colour (light red, called Indian red, or sienna). 

Another effect is produced by doing these 

I circles by hand with the brush, and shod- 

. I ing one side off as at b, and showing a 

I few radiated thakei from the centre; in 

I either system both the side view of wood 

as well as the end views should have 

ia coat of wood colour previously to grain- 
ing. To distinguish a brass section from 
wood, of course the different yellow 
colour would so fiir assist, but in the 
former case the sectional lines should be 
Kg. 308. straight and diagonal. 

In some pictorial drawings for framing a very slight vifash 
of thin gum or isinglass is pat on the dark places, to bring 
oat the effect ; but Uiis is very seldom resorted to ; there 
ought to be effect enongh without it. 

S'«c(um«.— In cross sections not to be crossed with 
diagonal lines, light tint should be pnt on, and it should be 
the lightest part of any flat surface in the drawing; the I 
%ht should be left at the edge, as eiiplained for other project- 
ing flat surfaces, the finishing colour coming over all. If toi 
be crossed with diagonal lines they onght never to be so with 
Indian ink on a coloured drawing, but with bluish tint for 
iron, and yellowish for brass, and ailer all sponging, and' 
before any shade lines. Even in a section to be crossed vrith ; 
diagonal lines, it is more effective to give a light wash all 
over first with bine for iron, and yellow for brass, but na 
other tint previously, as in the other instance. Crossing wil 
diagonal lines is always difficult for a beginner ; when n< 
equidistant they destroy the look of the drawing. Tl 
jther process, under such circumstances, is the better way. 
 8m remarks on ipring bows. Chapter XIV., Fig. 217. 
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For drawings having sections of iron plates, if less than to 
a scale of f-inch to a foot, the section of the plates or angle 
iron on a darkly shaded ground should be drawn in with 
indigo, or Prussian blue and flake white, after all the finish- 
ing colour is put on ; Indian ink never shows well, being of 
a glossy nature. In drawings to a larger scale the sections of 
iron plates are composed of two lines for the thickness, and 
should be filled up with light Prussian blue. 

After all the colouring of a drawing is finished, if to be 
shade lined (which in most cases improves a drawing, the 
thick line taking off any little roughness left from the 
shading at lines at shade side, and on which side they 
always come), the circles, as in outline inking (Chapter XIV.), 
must be put in before the lines. (For border line, margin, 
and printing, see Chapter XVII.) 

A shaded drawing should never be rubbed with India 
rubber. Stale bread a day old is the best thing to rub the 
white part of the paper with, the crumbs of which, if not too 
dry, may be gently rubbed over the shaded part if it shows 
the least dirty. 

If it is wished to give an uncoloured drawing the appear- 
ance of a shaded engraving, by fine lines (which can only be 
done after much practice), the flats should have a light tint 
of Indian ink, the rounds shaded also as in shaded drawings, 
but only with one coat of the thin tint referred to ; the 
shadows should then be ruled in by lines above the tint, with 
the drawing pen in the best possible condition. It will have 
a better effect than by simply being ruled without the tint. 

In shading or colouring an outHne engraving, unless it is 
printed on drawing paper, it must have a thin coating of 
size (isinglass) over it, otherwise the effect will be much the 
same as attempting to shade on ordinary blotting paper. 
The shading on paper prepared with size cannot be sponged. 
(For cutting off a finished drawing see Chapter XXIII.) 
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The plainer the printing appears on any drawing the better, 
and lettering such as A B C ^^ admitted for common 
engineering purposes to be the best, as it is certainly of a 
form quickly made. The same form of lettering in outline 

looks well if properly done, but it is found that begin- 
ners generally manage the above better. In this work it is 

as well not to accustom one's self to the T-square and ink 

bows, as a stiffness results, which in print of the size in 

example given should be avoided ; though for letters half an 

inch wide, either in outline or filled in with black or colour, 

the square and compasses are requisite. The style which 

can be done most quickly for drawings to be completed hastily, 

is somewhat similar to that first alluded to, but inclined thus 

A B G ^^^^f should any letter not be inclined exactly 

at the correct angle, the difference is not 
so easily detected as would be with the 
vertical letters. Set squares, as in sub- 
joined diagram, may be used with advan- 
tage for the formation of the letters indi- 
cated on it for vertical print, having four 
angles on one side, as shown ; any of which 
may also be used for ruling for inclined 
print. They cost about Is, each, or 2d. 6c2. 
for a set of three. The ordinary way of 
using them is by placing them against the T-square. 

German Text or Old English, when done nicely, is 
suitable. 

Elaborate printing and belaboured border lines with orna- 
mental corners, divert the attention of the observer from the 
drawing to the surroundings ; though it is admitted, at the 
same time, that indifferent print, or a thick black border line 




Fig. 809. 
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like a mourning card, on a good drawing, completely destroys 
the look of the drawing. 

Where there are to he two or three lines of print under 
each other on a drawing, the easiest way of dividing off the 
lettering is to take a slip of writing-paper, draw a line at a 
distance from the edge equal to the size of the letters, then 
hy hand — sketch in this space all the words that helong to one 
line ; take the half of the length of the lettering on the slip, 
and pnt a central mark on the edge. Apply the edge of the 
slip with the sketched letters to the lower line for print on 
the drawing, having a centre line npon which to place the 
central mark of print on slip, and sketch in hetween the print 
lines every letter, opposite the corresponding letter on the 
slip, and so on with every fresh line of print. This will he 
found a much hetter way than counting the letters in a line 
and dividing on each side of the centre line for the numher of 
letters ; in this way there is always trouhle with such letters 
as W's and I's not occupying the equal spaces. Even with 
half-inch letters it is easier to print them on the edge of a 
slip of paper of their proper size, and finding the half of 
whole length, apply the centre of slip to centre line of 
printing on the drawing. 

Each letter is drawn in correctly with the pencil previous 
to inking-in. Where there is more than one line of print, 
the space hetween should not he less than hetween the lines 
containing the letters. 

It is a question of taste and convenience where to place 
the printing on a drawing. In a coloured picture of machinery 
to he framed, emhracing several views — ^if each view is to 
have its special name of side elevation, &e. — ^the print should 
not he heavy looking ; though it is thought preferable only 
to state simply the sort of engine (if such) and its horse-power, 
under the lower border line, and between it and the edge 
of the frame line. 

As a guide for printing letters of proper form, the following 
examples will always be found useful for reference :— 
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No. 1. 

ABCDEFGHIJKLMNOPQ 

RSTUVWXYZ 

1234567890 

ABCDEFGHIJKLMNOP 

Q RSTUVWXYZ 

1234667890 



No. 2. 

J^[i©[E)i[F(S[HIQJ)[]^[L[lK!]®[P(|[^ 

ABCDEEGHIJKLM:Nr 
OPQRSTUVWXYZ 

a bcdefghijklmnopqr 

stuvwxyz 



No. 8. 



^ici«|(i 




1 1 
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No. 4. 



Stencilling the print on drawings with the thin copper- 
plate and hard hrush is convenient when a drawing is re- 
quired hastily ; bnt, if not touched up afterwards, never 
looks equal to print carefully executed by hand. 

The following is the price of stencil plates having letters 
similar to the examples given and correspondingly numbered 
1, 2, 8, 4 :— 



Height of Lettebs i iv* i iv» 



• • • • 



No. 1 Alphabet, plain block , 

Do. Letters ia words, per dozen 

No. 2 Alphabet 

Do. LetteiS in words, per dozen 

No. 3 and 4 Alphabet, German Text or 

Old English 

Do. Letters in words, per dozen 



• • • • 



g. d. 8. d. 



4 

1 
4 6 

2 



2 6 



4 

1 6 

4 6 

2 

5 
2 6 



Inc. 



s. d. 



4 
2 
6 
2 



6 
3 



^nr. 



8, d, 

6 6 

2 

6 

2 

7 

3 



I IN. 



8. d. 
6 
2 
6 
2 



fur. 



s. d, 

6 6 
2 6 

7 
2 6 



In regard to border lines for ordinary plain drawings, one 
single fine line, finished square, or rounded at the comers, 
and at such a distance from the edge of the paper as has 
been already elsewhere referred to, always looks well. Bor* 

L 8 
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dering pens for dnwiug thick lines, if so required, vill be 
found described in Chapter lY. 

A drairing highly finished and coloured may bare a border 
line oomposad of two fine lines one-sixteenth of an inch apart, 
with the npper comers ronnded, either qnadrant, or a para- 
bolic cnrre, and the lower comers square, and these double 
lines filled in with gold size, or with light red, or burnt 
nmber ; either of which slightly mixed with Indian-ink has a 
good efiect. Two or three coats shonld be pnt on thin, or 
the top and left-hand border lines (or those corresponding to 
the direction of the light for the shadows in the drawing) 
may be shaded with tight Indian-ink, after which, going all 
over with the tints referred to will give the drawing tliat re- 
cessed appearance in which pictures are frequently mounted. 
When border lines, as those described, sarronnd a drawing, 
the print looks better when of the same colour, and of a 
thickness corresponding to the border line; such print being 
first pencilled-in in outline and then filled in with the 
colour. 



CHAPTER XVin. 



DEUNIUTION OP SOBEW-PBOPELLEB BLIP i 



To delirteaU screw dip. 

Having ascertained the speed of the vessel in miles per 
hour, or feet per minute, and the number of revolntioos the 




Ilg.S10. 

screw makes in the same time, it can then be easily deduced 
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CO 



how many feet the vessel passes 
through dnring one revolution of 
screw ; which distance set off to a 
convenient scale, at a o, Fig. -810, 
maMng that a pitch in which to 
draw the actual curve made by 
the screw. Set off the distance 
A B equal to the real pitch of the 
screw ; the difference between the 
screw as working in a solid ab, 
and compressed to the distance a o 
by the friction of the vessel pass- ^ 
ing through the water, is the sHp, 
equal to c B or positive slip. Oc- 
casionally there are instances when 
the« given speed of ship and screw 
show negative slip, as at a f. The 
difference between the actual pitch 
of screw and speod of vessel being 
B F, and as also indicated by the ^ 
dotted curved line. The half dia- ^ 
meter on d e is common to each 
pitch — ^a 0, A B, and a f ; the curves 
are drawn by the same process 
as that described in Chapter XIII, 
Fig. 204. 

Figs. 811, 812, and 818, are 
the delineations of the paths of 
screws having two, three, and four 
blades respectively. 

The pitch, diameter, and speeds ^ 
shown, are the same for all the g 
diagrams, to delineate which re- 
quires only a little cardboard mould 
having a curve equal to one-quarter 
of revolution (as a be, Fig. 811). 
The curve is found by laying it off 
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eorreetly in the first instance, as in ClmpUr XTtl., Hg. 204. 
The respective centre lines are set off in position as indi* 
cated b; the vertical dotted lines. 

Note. — In finding the eturea for these diagiams (Figa. 
811, 812, and S18) it is better, ho as to prevent confasioD, 
to lay each path curve down separately, and then transfer 
each to the one diagram, where they are intended to be, by 
tracing, 

CHAPTER XIX. 

nELIHEATtON O? FADDLB-'WBSEL BLI7 ADD PATH. 

To delineaU the cychidai curve, or path of a paddU-whesl ; 
the ipeed oj the ship and rate of revohttion of the paddU-wkeel 
being given. 

Let A B, Fig. 814, be the distanoe travelled by the ship in 
one revolution of the wheel, and a o the diameter, the wheel 



having sixteen arms or floats, which will be need in maHng the 
diagram — to render the process more easily anderstood. Divide 
A B into the same nnmber of eqnal parts, in this instance, as 
there are arms in the wheel; anddrawverticallines, 1, 2, S, 4, 
&o., through these points ; on each of the points on (he centre 
line DE, where the vertical lines intersect it, and with a 
radios eqnal to half diameter of wheel describe the dotted 
oinsles as shown. In each circle the one arm is drawn as 
advanced a sixteenth of a revolntion npon its previons posi- 
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tion. Suppose the float to start from its vertical position at 
the lowest point o ; take a sixteenth of the circumference oi 
wheel (the distance hetween two floats b f), in the compasses, 
and on the circumference of the second circle from 1 — set off to 
the lefb^the point 1', and join ^ 1', which will be the position 
of the arm when the paddle has advanced a sixteenth, or from 
h to g. Next, from vertical line at 2 set off the same distance 
twice on circumference to the left as from 2 tp 2', and join 
k 2, which will be the position of the arm when the paddle 
has advanced two-sixteenths (or from h to A;), and so on 
until the half, or 8, is reached ; a line passing through the 
points will give the curve of half a revolution of wheel, the 
other half of curve being similar. Another method of finding 
the points for the curve is shown for the half to the right. 
Draw the horizontal lines from the points Im, &c., where 
the several arms cut the circumference of the wheel to their 
respective radii p, r, &c., and the intersections are the points 
through which to draw the half of the curve. If a part of 
the curve is repeated at the lower part, as in Fig. 315, it shows 
the slip of the float during immersion. 

In drawing the curve of a paddle having revolving floats, 
the process is somewhat .^^ ^ 

similar. Having drawn the xxX 

requisite number of circles, x^.^^'^^'^^\ 
as in Fig. 814 (one for each ^ — 
float), with their centres at \H^ 

equal distances apart, the ''^^^^^^SH^^^ss*^ 
distance between the cen- ==^^ 

tres of the first and last ^^'"^ 

being equal to the distance the vessel travels during one 
revolution of wheel; also a temporary side view of the 
wheel, with its floats in position, each float is transferred to 
its own circle at the same angle and on the same level as its 
representative in the side view of the wheel. 

The curve is drawn in with the moulds referred to in 
Chapter IV. 
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CHAPTER XX. 

If a drawing intended to be shaded is to be traced, the 
tracing should, if possible, be done first, as it is most difficult 
to see the lines on a shaded drawing through common 
tracing paper. However, shaded drawings ^have frequently 
to be traced, and for these the tracing-paper should have 
more than the ordinary proportion of oil in it, or engravers' 
tracing-paper should be used, though in such cases the oily 
tracing-paper is likely to make the original drawing oily, 
sometimes so much so as to alter its appearance. For a 
tracing simply to be outlined, the common way is to fasten 
the tracing-paper above the drawing round the edge with 
brass pins, the tracing-paper being large enough (especially 
if it is above a valuable drawing) to allow the pins to be 
clear of the original drawing. When a sheet of tracing- 
paper is not large enough to allow of this, and only an out- 
line tracing is required, then little strips of thin paper with 
one edge gummed on the tracing paper, and the other end 
on the board beyond the edge of the drawing, may be used, 
and placed about 6 inches apart. As weights on the comers 
come very much in the way of the square, i;he only other 
common way is to pin the tracing, and when it is removed 
the pin holes can be easily effaced from the drawing by 
turning it upside down and squeezing the projecting edge of 
the hole with the top of a pencil or ink-bows. Referring to 
such trifling matters may appear to be going too much into 
detail, but these little matters are of daily occurrence in 
most drawing offices. 

In tracing at any time from another tracing both should 
be placed above a sheet of drawing-paper, the lines will then 
be better observed. In all the particulars of lining the same 
rules ,should be observed in regard to drawing circles before 
lines, &c., as is described in Chapter XIY. 
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As the breath a£fects nnstretohed tracing-paper while 
tracing, it is the more correct way to entirely finish both 
circles and lines within a small area at a time, as if all the 
circles were put in first (as in a drawing) many of them 
would be out of position before the lines could be drawn. 

If a tracing is to be coloured it must be stretched, or it 
would never lie flat after being moistened ; and if it is to 
undergo the colouring process after outlining before being 
removed from the original drawing underneath it — ^the 
tracing-paper must exceed the size of the drawing all round, 
sufficiently so, that when cut off it is cut clear of the drawing 
nndemeath it. 

In an unstretched tracing to be coloured hastily, and for 
which process there is not sufficient time for stretching, 
weights placed close to and around any part immediately 
after the colouring is put on greatly lessens the buckling up 
as it becomes dry. 

If a tracing is to be mounted it is unnecessary to stretch 
it before colouring, and even for colouring it can be done 
more easily after than before it is mounted. 

in the stretching process, before gumming down, the sponge 
cannot be used, but if a dean sheet of any sort of white 
paper is laid over the tracing-paper and a sponge applied to 
the top side of the former, enough of moisture will be found 
to go through the upper paper in a few seconds to stretch 
the tracing-paper sufficiently. Sometimes merely to breathe 
on a small sheet of tracing-paper will be found equally 
effective. 

In composition of tints, and shading, and colouring, the 
same rules as described at Chapter XYI. are applicable. 

In colouring tracing- cloth it presents a more satisfactory 
looking front if the outline is turned upside down and the 
shading and colouring put on the back ; the shaded side, at 
the best, is never very satisfactory, but there is produced a 
regular appearance on the right side. Tracing-cloth, although 
not damped, should be gummed to the board in the same 
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way as tracing-paper, and the tighter it is pat down pre« 
viously hy hrass pins the less liable it will be to buckle np 
after being coloured upon. The tints should be put on more 
sparingly at a time than on drawing-paper.* 

In joining sheets of tracing-paper the joint should not be 
more than a quarter of an inch broad, and the gum should 
be nearly as thin as water for this purpose. Whenever the 
joining is made the joined sheet should be rolled upon a 
roller, and with the joining in. a line with the roller ; a strip 
of drawing-paper should be placed on each side of the joint 
until quite dry, when the joining will be found straight and 
smooth. Tracing-paper, or tracing- cloth, after being drawn 
upon, is frequently mounted on thick calico when required 
for constant reference ; in which case it is better to first 
mount the tracing on white paper and then paste the calico 
on the back of the thicker paper. Tracing-paper is first 
stretched on a board by being damped and gummed down 
at the edge all round ; the white paper to which the tracing 
is to be permanently attached having a thin coating of paste 
is then turned over on the tracing (which should be perfectly 
dry) and rubbed quickly all over the back ; when completely 
dry it is cut off as described in Chapter XXTFT, 



CHAPTER XXI. 

DRAWINGS FOB ENGRAVINGS AND PHOTOGRAPHS. 

A SHADED drawing to be engraved from should be traced^ 
when in outline only, with a fine-pointed pencil, not too 
hard, and the tracing applied by the engraver to the copper 
or steel plate upon which the engraving is to be made. The 
engraver prefers the tracing, if he cannot have the drawing 
in outline before it is shaded. Frequently the engraver pencils 
the lines of shaded drawings over with a fine-pointed pencil, 

* Some tracing-cloth will take the colour better if the part to be 
ooloured has a rub with hard chalk. 
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preferring that to tracing it himself; and snch drawing when 
placed on the waxed surface of the metal plate, and well 
rubbed on the back to transfer the pencil lines to the wax 
surface, invariably soils it ; but if traced — all the hard outlines 
of shadows should be dotted only by the pencil ; and to 
preserve the shaded drawing it should be put on a board of 
the exact size, with a glass to fit, and pasted with paper all 
round the edge to keep it in its place. This, with the tracing, 
is all the engraver requires. The shaded drawing, as well as 
the tracing, is wanted to guide the engraver in copying the 
shadows generally. When only an outline engraving with 
shade lines is required the engraver need not have the draw- 
ing at all, if the pencil tracing has a mark on the lines that 
are to be shade lines. A dot in red ink on each of such lines 
is sufficient, as such mark is also transferred to the wax sur- 
face on the plate. Another way is to give the outline of a 
drawing (which is to have shadows on the finished engraving), 
with the required shadows dotted in ; an engraved dry proof 
on drawing-paper of the plate in outline can then be given 
to the draughtsman to fill in with the shadows, and covered 
up by glass as before stated. 

A scale should always be made with the engraving or 
lithograph, instead of saying (either on the plate or in any 
accompanying letterpress) that it is drawn to any particular 
scale. The reason is, that though the metal plate, or the 
stone, or the wood may have the correct size of the drawing 
on it, yet the paper just before receiving the impression iis 
damped, and consequently expands. On a length of — say 
2 feet the error will be i or f th of an inch, a difference 
which means 2 or 8 feet in a drawing made to ^th of an 
inch to a foot, and rendering it of no use. It is seldom any 
two engravings from the same plate are exactly of the same 
size, depending entirely on the degree of moisture in the 
paper at the time of printing from the plate ; no engraving 
is ever of the same size as the original drawing unless printed 
on dry paper, a process at once unsatisfactory. 
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It is BometimeB the practice when a drawing has to be 
reduced for engraving, or other purposes, to use photography; 
if the drawing is not too large this maybe done satisfactorily 
enough, but beyond a certain size — ^to reduce it by hand is 
more correct. In reduced photographs of a large drawing 
the parallel lines of the latter converge in the former for the 
reason explained in perspective. Photography is also useful 
for enlargmg within certain limits small intricate drawings. 
Drawings whose lines are in representative colours,* when 
photographed, never produce (for optical reasons) satisfac- 
tory results; blue colour, for instance, shows indistinctly, 
and yellow surfaces in shaded drawings come out very dark, 
to the disappointment of those inexperienced in the process. 
A drawing made for the purpose of being reduced by the 
process referred to should have all its lines (if an outline 
drawing) and shadows (if a shaded drawing) of indian-ink 
only. 



CHAPTER XXn. 

DBAWINGS FOB LEOTUBES. 



In large illustrative drawings for lectures, too large to make 
on an ordinary drawing table, the best way is to tack the 
paper on the wall of a room, and use a line and plummet for 
the vertical lines and a straight-edge with spirit level for the 
horizontal lines. One good base line being made, the others 
can be made by measuring up from it at two points in the 
length, or a straight-edge may be nailed along the bottom 
of the paper and the flat stocked square, described at Fig. 14, 
Chapter ni., used for the vertical lines. *The lines on such 
drawings to be visible, ought to be at least iV of an inch 
thick, for which two pencil lines should be made and the 
space between filled up with the ink ; and if a coloured illus- 
tration, should not be inked in till after the colouring, or after 

* Ab in office drawings for reference (Chapter XIV.}. 
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the Sluing process before vamishing, otherwise the thick black 
lines would be apt to mn. If for only an outline, common 
writing ink does as well as Indian ink for the purpose. If it 
is to be colonred it mnst be taken down and laid flat on a 
table, and if the table is not large enough to contain all the 
drawing, the drawing must be unrolled in such quantity at a 
time as will suit the size of board or table. 8hould the 
paper buckle up by the moisture in colouring (not being a 
stretched drawing) it is of very little consequence for the use 
it is to be put to. When large quantities of fluid colour are 
necessary, it will be found convenient, rather than con- 
tinually rubbing down, to melt down a shilling cake or cakes 
of colour largely used, such as Prussian blue, or yellow, in a 
wide-necked phial containing eight cubic inches of water to the 
cake. The phial containing this diluted colour should be kept 
corked up when not in use, a little being taken out by the 
brush when required and diluted in water according to the 
depth of tint required. 

Besides the ordinary way of shading these drawings 
(referred to in chapter on Shading), it is eflective, for such as 
are to be viewed from a distance, to shade the rounds with 
lines of Indian ink as in an engraving, put on after the 
flnishing colour, and if to be varnished, after the sizing pro- 
cess and before vamishing. Another way of shading the 
rounds is by using a neutral tint (as for iron work) without 
shading off with water as in ordinary drawings, putting on 
the tint broader every time, the central darkest place being 
put on first, and diluting the tint as it gets nearer the centre o 
the round object. A round when shaded thus, when observed 
closely, appears like a figure of many sides, but at a distance 
this is not observable. . 

Large illustrations can also be effectively done in oU 
colour, by sizing the paper, after the limng process by pencU 
or fine Indian ink lines. (For large sized brushes for these 
purposes, and their cost, see Chapter YI.) 
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CHAPTER XXm. 

OUTTINa OFF ▲ DSAWINO. 

Before cutting off a stretched sheet care should be taken to 
observe that it is perfectly dry, for if cut off with parts of the 
surface a little damp it will never lie quite flat. 

In cutting off a sheet which has been properly expanded 
before being gummed down at the edge, if the following rule 
is not observed, there is a risk of tearing out a piece from one 
corner of the sheet. 

The opposite sides should never be cut first, for if so cut, 
upon nearly completing the cutting of the third side, the 
paper undergoes contraction, and the fourth side pulling 
against it, is apt to snap off the remaining inch or so, and 
generally in towards the sheet, seldom in the margin on the 
outside of the cutting off line. The sheet should be cut off 
all round, taking care, by applying the knife blade under the 
edge of the sheet, that it is free from the board before pro< 
ceeding to cut off the side or end adjoining. When the 
knife is applied — it is better to cut by the line made at first 
for that purpose, without using the T-square or a wood 
straight-edge, the edges of either being apt to get cut from 
the process. A metallic straight-edge may, however, be used 
with advantage. 

When the sheet is removed the strips of drawing paper 
which are left on the board should be simply sponged over 
two or three times, and they will peel off easOy. It is 
better also to let the gum of the joint remain on the board 
to assist in the adhesion of the joint of the next sheet to be 
stretched, if of the same size as that cut off. 

If, in a stretched sheet, it is found that only a portion is re- 
quired for the drawing to be cut off, the remaining part of the 
paper being still required for another drawing, and requiring 
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its tension ; rather than damp the remainder and fix the loose 

side, it is better to make a few incisions across, as at c, Fig. 816, 

before the drawing, say on side at 

h is cut off, and having gammed and 

pinned down these at c, and let 

them dry, proceed to cat and gam 

the intermediate spaces d which will 

keep the remaining portion of paper 

a as tight as before while freeing 

the part b from the board. „. ^,^ 

*^ Fig. Slfl. 
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SUNDRY NOTES. 

When a drawing is cat off it is better to keep it flat in a 
drawer for the parpose, or in a portfolio, than rolled ap, 
unless for exportation. Japanned tin cases are to be had 
for rolled drawings, and at the following prices: 80 inch 
Qs., 42 inch Is. 6c2., 54 inch 10«. 

A common sabstitate for string for a rolled drawing, and 
one less likely to crease the drawing, is made as follows : — 
Take a strip of drawing paper from 1^ to 2 inches broad and 
an inch longer than the circumference of the rolled drawing. 
About half an inch from each end, make incisions — at one 
end in the middle, and one-third of breadth across ; at the 
other end at the sides, each one-third across ; fold in the 
sides so that they may pass through the opening at the 
opposite end of the strip, and on being opened again after 
they have passed through, the whole will present a hoop, 
which, when slipped over the drawing, will keep it secure. 

Should a fir drawing board get accidentally dented, within 
certain limits an application of water to the part will bring it 
up to its proper level. 



I 

238 SUNDRY NOTBS. 

Shonld a drawing get a grease spot, it can be very 
nearly removed (at least so far as to be hardly visible) by 
the application of a hot smoothing iron on clean blotting 
paper placed over the spot., bnt not sufficiently to be colonrod 
OT^r. 
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The several matters contained in the following Appendix 
will be found usefal for reference ; they are so closely con- 
nected with the subject of the book as to render some men 
tion of them necessary. 
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PAET I. 

ABGHITECTUBAL ORDERS IN ENGINEERING. 

The following examples and description of the arohitectaral 
orders, referred to in Chapter XIII., will be fonnd nsefnl, as 
giving the proportions of those most frequently adopted in en- 
gineering, namely, the Tuscan, Grecian, and Roman Doric 
orders. An example of each. Plates III., lY., and Y., is 
given, drawn to a scale, with the proper proportions in the ver- 
tical spaces at the left hand side coinciding with the architec- 
tural scale of minutes on drawing (though an ordinary scale of 
feet and inches may be applied to these drawings, and the pro- 
portions will still be preserved). It may be as well to remark 
that the projections in front of the observer are the same as 
the projecting profile to the right, and the projections marked 
in figures are from the dotted line running through the 
centre of column, upwards. The shaft of a column is never 
cylindrical, that is, of equal diameter throughout, being 
always tapered to a certain extent towards the upper end. 
The degree of tapering is called the diminution of the shaft, 
and ranges between one-fourth and one-sixth of the diameter 
at the bottom of shaft. 

Tuscan Order. — ^The total height of the Tuscan order, 
Plate III., is divided into five equal parts ; four of them are 
given to the column and the other part to the entablature. The 
column is seven diameters high,* and is shorter in proportion 
to its diameter than any other of the orders. The capital is a 
semi-diameter high ; the base with the lower cincture of the 
shaft is also half a diameter. The entablature, one-fourth 

* For stone colmnns. In engineering, the diameter of iron 
oolmnns is frequently ^th of the height. 

H 
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of ilie eolnmn, is one-and-three-qnarters diameters high ; it 
is divided in the same proportion as the other Eoman orders, 
two-fifths of its height being given to the cornice, and the 
other three-fifths divided equally between the architrave and 
frieze. The projection of the cornice over the vertical faces 
of the inferior members is equal to its height. 

CrBEGDOT DoBio Obdeb. — ^Tho following are the average 
proportions for the members of the order, Plate lY. Taking 
the diameter at the bottom of the shaft as the unit of mea- 
surement, the column is six diameters in height. The 
diameter at the upper end of the shaft is three-fourths of a 
diameter — ^that is, the shaft diminishes one-fourth of the 
diameter. The height of the capital is half a diameter. The 
height of the entablature is one-third of that of the column, 
or two diameters. The surface of the shaft is usually- 
worked into twenty very fiat flutes, meeting each other at 
an edge. 

BoMAN DoBio Obdeb. — ^Dividing the whole height of the 
order, Plate V., into five equal pans, one of these is given to 
the entablature, the height of which is therefore one-fourth 
of that of the column. The column tapers one-sixth through- 
out the shaft, and is eight diameters high, of which one 
diameter is distributed equally between the capital and the 
base. When fluted, the flutes are separated by fiUets. The 
entablature is two diameters in height, and divided into 
eight equal parts ; these are distributed among the cornice, 
the frieze, and the architrave according to the numbers 8, 8, 
and 2. 



PART II. 

VOLUTE. 

To describe a Volute: given — the number of revolutions or 
quarters of which the spiral is to consist^ the vertical height of 
the spiralf and the diameter of the eye. 
Let A B, Plate YI., Fig. 1, bo the height of the volute, and let 
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the spiral make three revolntions, cozuiisting, therefore, of 
twelve quarters ; bisect a b at the point o, and from a b cut off 
A. D, equal to the given radius of the eye ; divide d o into as 
many equal parts as there are quarter revolutions in the spiral 
to be drawn (which in this case are twelve in number) at the 
points 1, 2, 8 ... i 11, 12. To prevent confusion, this divi- 
sion is indicated upon a parallel line d^ d ; draw o' e at any 
angle with o' j>\ and make it equal to two of these parts ; 
join d' b, and from the points 1, 2, 8 ... . draw straight 
lines 1 F, 2 G, 8 H . . . . parallel to (/ £ ; taking Qd equal to 
one part, draw df perpendicular to a b, and equal to 12 e ; 
drsrwfg perpendicular to df, and equal to 11 q ; draw again 
g h perpendicular to/^, and equal to 10 p* Proceed in this 
manner until all the sides are drawn; then, the points 
d,/, g ... .p9q,r, so found, are the centres from which the 
quadrants which compose the spiral must be successively 
described. For this purpose, produce df to 1, fg to 2, gh 
to 8, and so on ; the quadrants, as they are described, will 
be limited by these lines ; from the centre d, with the radius 
d b, describe the quadrant b 1 ; from the centre /, with the 
radius /I, describe the quadrant 1, 2; from g, with the 
radius g 2, describe in like manner the quadrant 2, 8; proceed 
in this way till the last arc, 11, 12, is described from the 
centre q, with the radius qll; then, finally, describe the 
circle at the centre from the point r, and with the radius 
r 12. If the operation be accurately performed, this radius 
r 12 will be equal to ad, as required, and the spiral will be 
completed. 

But, as the process, as it is now described, is very liable 
I to inaccuracy, the method of finding the centres shown on a 
larger scale at Fig. 2, is at once more expeditious and more 
certain. Having drawn df perpendicular to the vertical 
line, bisect it at « ; draw e r perpendicular to dff equal to 
de or ef, and join d r and/r; divide er into three equal 
parts, es, st, tr, and draw isk and nto parallel to df; draw 
fg perpendicular to df, and equal to 11 q ; druw g h and ih 
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respectively parallel and perpendienlar to df^ meeting at the 
point A ; draw the diagonals g'p and A 9 parallel io dr and 
/r, and draw the perpendicnlars "kl^ op, rq, 71 m. In this 
way all the centres are determined, namely dff,g,h,»,.^ 
o, Pf q, r. 

To descrihe a second spiral, which, with the first one, shall 
inclade the thickness of the hem, a similar process is appli- 
cahle* Set off b b for the thickness of the hem at that part, 
and, supposing the hem to diminish in thickness equally for 
each half revolution, divide b b into six equal parts. As the 
spiral describes six half revolutions, it will diminish in 
thickness one-sixth of b b for each half revolution ; set off, 
therefore, a s equal to five-sixths of b b, then b s is the heigh 
of the second spiral. Bisect b s at t, and set off 8 v equal to 
the radius of the eye ; divide t v into twelve equal parts, and 
the method already described for finding the centres may be 
applied. 



PART m. 

EXPLANATION OF A SHIP DESIGN. 

A ship's design, commonly called a ship's lines, is gene 
rally composed of three views, as shown in subjoined 
diagram. Fig. 817, namely : — 

The Profile, or sheer draught a. 

Half Breadth Plans. 

And the Body Plan 0. 
These are always drawn together, and to the same scale, 
which is generally one-fourth or one-eighth inch to one foot ;* 
and with the bow of the vessel invariably to the right-hand 
side, the half-breadth plan b always immediately below the 
profile, and the body plan o to the left of the profile. 

As both sides of the drawing would be alike, one side, or 
)ne-half, is quite sufficient in both the half-breadth and the 

* For the form of scale on shipa designs, see Chapter V., Fig. zi. 
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body plan ; the midship section being the same on each side 
of the latter, one midship section is drawn, common to both 
sides — the right-hand space containing the bow end view, 
or fore-body, and the left the stern end view, or after-body, 
each as seen from amidships. The profile a shows the general 
contour of the vessel, in other words, the side elevation, 
together with any carving, figure-head, ports, and other 
openings in, and projections from, the ship's side, the sta- 
tions of masts, &c. It is the part of the design which espe- 
cially helps a person to realise what the ship's appearance 
will be when built. 

The vertical lines are sectional, and are generally placed 
where the moulding edge of a frame or rib is to be, omitting 
one or more between each vertical in the drawing. The one 
at the broadest part of the vesel, or midship section, is dis- 
tinguished by the conventional mark or sign underneath 
it, and to prevent confusion in the corresponding sections 
(which will be presently explained) in body plan, these ver- 
tical sectional lines are usually marked alphabetically from 
midships to the bow with capital letters, and, when these are 
exhausted, by italics. The vertical lines towards the stem 
from midships are usually distinguished by numerals ; but 
sometimes numerals are used throughout the length, begin- 
ning at the bow. If a part of the vessel amidships is paridlel 
and has two or more frames or sections alike, these are 
commonly distinguished by repeating the same letter or 
numeral within parentheses. If the vertical section is where 
every second frame is to be in the ship, the first vertical in 
the drawing from midships aft would be marked 2, showing 
that a 1 (frame) has to be placed between midships and 2, 
in the construction of the ship. The same rule is observed 
in proceeding forward from midships ; if every second frame 
only is indicated by the verticals, the first letter from mid- 
ships would be marked b, showing that between midships 
and B another frame a is to be placed in the ship. 

The longitudinal lines parallel to the lowest horizontal 
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line are called tvater lines, and named first, second, third, &c., 
placed two or three feet apart, the top line being the load- 
water line ; it is freqnently made stronger than the others. 
When the lower line, or keel, is not parallel to the load- water 
line, the intermediate lines, 1, 2, &c., wonld, in most cases, 
be drawn parallel to that line ; if drawn parallel to the keel, 
they are known as ** level " lines. These water lines are 
simply to indicate the position of the horizontal sections, 
plans of which are given in the half-breadth plan b, below 
the sheer draught a. The dotted cnrve line on side view (of 
which there are generally more than one) forward of mid- 
ships is named bow-line, and aft of midships buttock-line. It 
represents the section of the ship made by the vertical 
longitudinal plane of which h k shows the position in the half 
breadth. 

The half-breadth plan b shows the exterior plan of vessel 
and the plan of the water lines, which are in this view 
curves. The widths from the centre line to these correspond, 
of course, to the positions of such sections, 1, 2, 8, &c., in side 
view A, and body plan o. The longitudinal dotted line h k 
gives, as has been said, the position of the bow and buttock- 
lines, which, in the profile a, are represented by the curved 
dotted line, and show the form of the longitudinal section at 
the particular place indicated. Such lines are also a check on 
the other lines in proving their fairness, inasmuch as all the 
points in the intersection of the straight and curved lines 
must coincide in each view : for instance, if from the point n 
in profile a, where the curved bow line intersects the straight 
side view of the second water line, a vertical line be drawn to 
the half-breadth plan b, it 'should intersect the curved plan oi 
the second water line where the straight corresponding plan 
of dotted bow line h k intersects it at p, and so with every 
other point of intersection. The transverse lines which are 
numbered and lettered correspond to the vertical lines in the 
profile. 

The body plan, or end elevation, o, shows the outline at 
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midships, aod the curved form of frames corresponding to the 
positions of the lines of the vertical sections on profile and 
half-breadth plans, lettered and numbered to correspond. 
The water lines are straight, and correspond to the relative 
lines in the profile a. The bow and buttock-lines hk are 
also straight, corresponding to the line hh m half-breadth 
plan B. The breadth of the water lines, at any of the curved 
intersections of the frames, corresponds with the breadth at 
corresponding frame or section on half-breadth plan b. For 
instance, the breadth b a at the frame or section h, second 
water line, coincides with the breadth from h to the second 
water line, on half- breadth plan b. In after body o, the dis- 
tance B V, frame 20, second water line, corresponds to the 
distance 20 a? on half-breadth plan b, and so on. The poiQts 
also where the straight bow and buttock-lines in body plan o 
intersect the curved sections of frames, coincide with the 
relative intersections on profile a, where the sections at 
frames are straight lines, and the bow and buttock-lines are 
curves. For instance, the point y, where the buttock curve line 
on profile a intersects frame 16 between the first and second 
water lines, coincides with the point f in the body plan o, 
where the same buttock line intersects the frame 16. Fre- 
quently, as a further check, particularly for laying down the 
full size of the ship in the moulding loft, which often, for 
want of surface, has to be done in short lengths, diagonal 
lines are drawn, as shown on the body plan o, frcfs the 
centre line to the side of body, which in the profile a and 
half-breadth plan b would be represented as curved lines, 
and all the other points of intersections of such atlditional 
lines and curves must agree in the three different views of 
the design. 

The curves in profile a and half-breadth b are drawn by 
the baton held by weights, and the curves of the body plan 
by parabolic and other moulds (page 73). The curves 
throughout a ship design always represent the form of vessel 
without the planking. 
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Sail draughts are generally made to a scale of jt or iV inch 
to the foot, and ship details to i inch to the foot. Some 
designs contain a scale of displacement, which may be ez« 
plained as follows : — 

A B, in Fig. 818, represents the ship's mean draught of water 
on a certain scale (asaally i or i inch = 1 foot) ; and ce,i>d, 
&c., represent the several water-lines, a a being the load- 
water line. On A a (drawn perpendicular to a b) a length is 
set off, representing on a certain scale of tons per inch (say 
100 tons = i inch) the ship's load displacement ; on o c a 
length representing her displacement at the draught b c, 




Fig. S18. 

on j> d B, length representing her displacement at the 
draught b d, and so forth. Through the points thus ob- 
tained the curve a c d ef bib drawn, and from it the ship's 
displacement at any draught can be obtained by first measur- 
ing the draught upwards from b, and then measuring the 
length of the perpendicular meeting the curve. In calcu- 
lating the tons weight of displacement from the cubic content, 
85 cubic feet of salt water are taken as one ton avoir- 
dupois. 

Note. — The design shown at Fig. 817 is that of a sailing 
ship, and is selected in preference to the lines of a stoQm 
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ship, though the latter more immediately ooncems the engi« 
neer ; bat the former, having a greater proportion of breadth 
to length, shows the several carves more distinctly. 



PART IV. 

DETAIL DBAWINOS OF STEAM-VESSELS. 

Detail plans and sections have their oatlines taken from a 
design similar to that described in Part III., and are filled in 
with the varions fittings, machinery, boilers, coals, &c. If 
a plan is reqaired of any section between any of the water- 
lines shown in the half-breadth plan of a design, a line of 
section at the reqaired height is drawn on the body plan ; 
and on this line measarements taken from the centre line to 
the intersectional points of the frames, and laid off from the 
centre line of the half-breadth plan at each corresponding 
transverse section, will be the points throagh which to draw 
the reqaired sectional carve. 

If a transverse (or cross) section is reqaired between any 
of the carved sections or frames which are shown on the body 
plan of a design, a transverse line of section is drawn at the 
reqaired position'on the half-breadth plan in design, on which 
the several breadths are measared from the centre line to 
the intersections of the carved water lines, and laid off on 
the corresponding straight water lines in body plan from its 
centre line ; a carve line passing throagh the several points 
will be the reqaired cross section. 

In mechanical details of matters connected with shipbuild- 
ing where an engineer woold describe a circle a shipbailder 
would draw a parabolic carve with the mould ; the latter 
in most cases looks more *^ ship-shape ; " besides which, from 
a scientific point of view, it is allowed, to be more correct. 

In making highly-finished coloured drawings of the exte- 
rior side view, deck, sections, and especially of a longitudinal 
section, there is scope for the exercise of mnch taste, as in 
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the representation of cabin fittings and general ornamental 
work ; and a little more skill — akin to art, than in shading and 
colonring the engineering portion of snch drawings.* The 
projections of some of the shadows are also more intricate.f 

The Exterior Broadside View, — ^In representing the lines 
of plating, when they are to appear on a side view, they 
should be first correctly drawn on the body plan ; and the 
measurements, taken vertically to the intersecting points on 
the frames, should be laid off on vertical lines indicatmg the 
positions of such frames on side view, and lines drawn through 
the points with the baton and weights (Chapter lY.). 

For a paddle steamer it is necessary to project the shadow 
of the rings and floats on the side of the vessel. For the pro-' 
jection of the rings that described at Fig. 280, Chapter XY., 
is applicable. Having found the points for the shadow of 
one set and its arms, the simplest way is to trace it, and 
transfer each to its respective place corresponding to its 
distance from the plane, and laid off from the centre of 
the paddle, and at the same angle as indicated at Chapter 
XY. For the projection of the shadow of the floats the method 
described at Fig. 288, Chapter XY., is applicable. The projec- 
tions of the sides of the floats on the rounded part of the vessel 
at bilge are straight as in the upper floats, the ends of the lower 
floats only being curved ; the points being found as in pro- 
jecting the shadow of a square flange on a horizontal cylinder. 
The tints for shading are similar to those for engineering 
drawing (Chapter XYI.). 

In shading the outer and inner streaks of the iron plates a 

* Additional colours to those ^ven in Chapter YI. for engineerinff 
drawings are requisite, comprising verdigris green, vennilion, and 
cobalt blue. The two iosmsr cost U. eNAch, small *^ half-cake" of 
the latter, 6«. 

t In projecting the shadows which follow, the same rule is observed 
as for engineering drawings in Chapter XY. (or the process an 
engineer would naturally foUow in making finished coloured drawings 
of a ship). In drawings by a shipbuilder both the shadows and shade 



lines are generally on the opposite side to the engineer's (or on the 

id left sides of projec _ , 
being opposite the light). The angle of inclination of the sliadow in^ 



lower and left sides of projecting objects, the upper and right sides- 
being opposite the light). The angle of inclination of the 
their drawings beuig the same as in engineering drawings. 
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little light shoidd be left on the tdp edge of the former as in 
shaded engineering details. It costs much time and labour 
to leave the light in the shading process, and to preserve 
the general look of the shadow unbroken, doing it streak by 
streak. A better shade in every way is produced by going 
over all the plates without leaving a light, one streak at a 
time. If the following method is observed time and trouble 
will be saved. Draw a line at the top of the plate with 
flake-white by the drawing pen, colour over with washes of 
tint, five or six coats, the sponge will then take off the flake- 
white and leave a light line, which when coloured over with 
more tint after being sponged and dry will present sufficient 
contrast with the dark parts to give the effect required. The 
top sides after shading should be washed all over two or 
three times with the ordinary neutral tint well watered, 
after which a thin coating of burnt-umber. The lower part 
under the load- water line should have a yellowish tint, com- 
posed of yellow ochre, gamboge, and Indian red. The red 
folour for the paddle should be composed of gamboge, lake, 
and a little carmine. 

The masts, if to represent wood unpainted, should be 
shaded first with the neutral tint, then with Indian red, and 
washed all over with yellow ochre and Indian red combined, 
then grained with Indian red not too thick. 

If the water line is to be shown at the 
ends in such drawing, or any other coloured 
view, a thin wash of Prussian blue should 
be laid on close to the line, washing off the 
lower edge with water, and which, when 
■^^-_-;^^,,=~-- dry, should have graduated parallel lines 
of verdigris green put on above it with 
the drawing pen, the lower being broken 
Fig. 81ft lines, as in adjacent diagram Fig. 819. 

Longitudinal Section, — To project the shadow of the deck a* 
the inner Me in a longitudinal midship vertical section. 
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Let A, Fig. 820, be the longitudinal eeotion, on whicli the 

ehadow of the deck b is to be projected. 

Transfer from workiEg drawing of ship (as at Fig. 817, Part 
III.) a part K of hody plan, having as many sections n, o, d, 
&e., aa are contained in the length of the longitudinal part a.* 

FtBSTLY. — When tkedecks i» horixontaloT mtkmit sheer. — 
From the point o in end vle'w e draw the relative angle of 
light o T ; &om the point where the line o r intereects the 
section or frame n, draw a horizontal line to the correspond- 
ing vertical section b in longitudinal view a, intersecting it at i, 
which will be a point for shadow. From the point where 
the line o r intersects the section or frame o, draw a bori- 




zontel line to the corresponding vertical section o in longitn- 
dinal view a, intersecting it at s, which will be a second 
point for the shadow. Proceed similarily for the other 
intereections. A cnrve line passing through the points thna 
foond will be the projection of shadow required. 

Secondly. — When the deck has sheer. — Let a, Fig. 821, be 
the longitudinal section upon which the shadow of the deck 
z is to be projected (the sheer is exaggerated so as to show 
the process more distinctly), and b the body ^an, transferred 
from a working drawing, and having as many sections as are 
contained in the longitudinal part a. Draw the relative angle 
of light d e in body plan b. In this instance a part plan of 
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form of Blup's side between each of Qm vertieal sections is 
necessaiy, aach form being taken on the diagonal lines 
between each vertical seetion in body plan, each anch 
diagonal being in the direction of the light. In plan a, from 
the points a, h, i (corresponding to the same sections in 
side view a), draw the relative angle of 
light a, m, Ac. From the point e in body 
plan n, where the diagonal d e intersects 
the seotion a, draw a vertical line e I, in- 
tersecting the corresponding section a in 
plan o at ( ; and from the point / in body 
plan B, where the diagonal d e intersects 
tiie section h, draw a vertiaal line / k, 
intersecting the corresponding section h In 
plan at h, and join I k, which will be the 
form of ship's side between the sectioiu a 
and E in plan o. From the point n in plan 
0, where the angle of light o m intersects 
the line I k, draw the vertical line n o, 
intersectdng the angle of light de'm body 
plan B at o. From the point o draw the 
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horizontal line o p, intersecting the ordinary diagonal line of 
light r » in side view a at p, which will be a point for reqoired 
shadow. Repeat the same procest with the remaining 
sectione for the points ( and m on the ordinary diagonals 
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in side view a ; a curve line passing through p^ I, u, x^ will 
be the projection of shadow required. 

Note. — ^If the form of the ship between each of the cross 
sections on the line of relative angle of light in body plan b 
were straight, another method of finding points for the curve 
would be as follows : — Draw horizontal lines from the points 
€ and/ on sections a and h in body plan b, respectively, to 
the points v and v) on the corresponding sections e and h in 
side view a, and draw the line v w, which will intersect the 
diagonal r a ; the intersection would be a point for shadow ; 
similarly from the other sections in body plan b would be 
found other intersectional points for shadow on their respec- 
tive diagonals. 

In a drawing intended to be a picture, such as the longi- 
tudinal or other sections of a ship, where the iron is painted 
red, the finishing tint should be composed of lake, gamboge, 
and carmine. The shade lines on the under sides of pro- 
jecting plates, sides of frames, and rivets, should be lake 
only. The rivets, when to a scale of one-eighth of an inch 
to a foot, should not be inked4n previously. It is common 
in making such finished sections, to colour the inside of the 
hull blue, because it is iron. Blue is very well for the repre- 
sentative colour of the iron in certain drawings only. For 
drawings, if to a scale of less than three-eighths of an inch to 
a foot, the section of iron plates or angle iron on a darkly 
shaded ground should be drawn in with indigo, or Prussian 
blue mixed with flake white, after all the finishing colour is 
put on; Indian ink never shows well, being of a glossy 
nature. In drawings to a larger scale the sections of iron 
plates should be composed of two lines for the thickness 
filled up with light Prussian blue.* 

* In sectional drawings, to be in outline only, to any scale under 
f ths of an inch to a foot, whore a thickness of iron plate is shown, it is 
better to make it a thick black line, a little thicker than any shade 
lines, if any, on the drawing ; when to a scale above §ths the thick- 
ness should be composed of two lines. The same remarks apply to 
an^le iron. 
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upper deck plan : After all the ordinary objects are drawn 
on this (or other deck plans) the deck lines should be drawn 
in. The best way to insure correctness is to set off the 
breadths from the centre line upwards on margin at each 
end, and from the centre Hne downwards ; the lines being 
drawn with Indian ink not too thick along a straight-edge 
held by weights at each end at the divisions. (For project- 
ing the shadows see Chapter XY., First Series*. For pro- 
jection of shadow of paddle box, if a paddle steamer, see 
Chapter XV., Fig. 247.) 

The tint for the deck shonld be gamboge with a Httle yellow 
ochre, well watered ; for coamings of hatchways and other 
dark wood- work, lake and bnmt nmber ; for light wood- work, 
gamboge, yellow ochre, and Indian red combined. Glass of 
skylights, after being darkened a little by neutral tint, should 
have a coat of green, composed of Prussian blue and gamboge. 

In cross sections, or longitudinal sectional plans of steamers, 
coals have frequently to be represented, to indicate their 
place. These, when done in Indian ink only, have always a 
brown appearance, and in some drawings (otherwise good 
and highly finished), are so regularly and ineffectively shown 
as to destroy the appearance of the drawing. Anything touch- 
ing on fine art, and apart from plain lining and shading, 
the engineering draughtsman is generally apt to shrink from,* 
but a very good way of showing coals fit for coloured 
engineering drawings can be made in the following way : — 

Though coals in themselves are always black, at a distance 
they are of a bluish colour. Therefore a little Prussian blue 
and Indian ink will be found the best tint with which to 
represent them. As they are of the most irregular forms, the 
difficulty is generally in making them so. To get such 
irregularities on the space allotted for them — ^put the tint 
named in patches here and there, as at a, Plate YII., and when 
the first lot are dry, come over them again anyhow, and in 
all directions, repeating the process many times until every^ 

* Unless he has already Bome knowledge of the subjeot 
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white part of the paper in the space disappears. If then not 
dark enough, come over all the snrface ; and making darker 
and lighter patches here and there to represent little hills 
and valleySy the patches heing darkest next to any part that 
projects a shadow, such as would he caused hy the side of the 
ship or hulkhead, &c., as shown at b. The space will now he 
filled with little irregular figures, some lighter and some 
dark^ir. The lighter hits are supposed to he more opposite the 
light than the darker. Then with indigo and a fine brush 
surround each of these little irregular bits as at c, making the 
backs of the lighter ones with a broader line of indigo, as when 
inclined more opposite the light ; in such position more 
of the back of the piece will be seen. Then with a pricker 
scratch the fronts opposite the light of each individual piece as 
at dy but those down in a hollow more slightly. The front 
part of the shadow of projecting enclosure should be very 
irregular, and within that shadow the forms of the light and 
dark bits should have the indigo as in the others, but no 
light shown on front of them as in the parts exposed. 

Note. — It is almost needless to add that if a drawing is to 
be sponged it must be done before such process as that 
just described, and before any thick lines or chalky colours 
are put on ; and if to be a varnished drawing, after being 
sized, but before being varnished. 

A border line of a rope pattern looks appropriate when 
surrounding any highly finished drawing connected with 
naval architecture. The corners for this pattern should never 
be square. 



PART V. 

PERSPECTIVE DBAWINa. 



In the following example of perspective it will be seen that 
instead of the horizontal sides appearing parallel, when pro- 
duced, they meet in a point. Perspective is simply a section, 



by a plane, entting the rajs from all the TisibU yoiais of the 
object to the eye, giving the eame proportion of the different 
parts of the object wherever that Eectiou is placed between 
eneh object aai the eye. 




fe^a#as=^ >- 



Tn the aecompanying example, Fig. 822, a is the front eleva- 
tion and B the plan of an object, drawn to their proper proper- 
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tions, or to a scale. The plan b being placed at such an 
' angle to the horizontal line f e as is deemed snitable for the 
view required in perspective. The line / « is the plane of 
section of the rays from the several points to the eye of the 
observer at the point d, which point is placed in any suitable 
position ; the lines d e and df are drawn parallel to c h and 
eg respectively. The horizontal line i k represents the ground 
line on which the elevation a is erected. The line Z m is 
the height of the eye from the ground, and parallel to it. 
From the point /, on the line / «, a vertical line is drawn 
intersecting the line Im at I, which is the vanishing point 
for the lines to the left side of the perspective elevation ; 
also, a vertical line is drawn from the point ej on the ]ine/e, 
intersecting the line Z m at m, which is the vanishing point 
for the lines to the right side of perspective elevation. The 
lines p, p, &c., are drawn from the points in the plan b 
towards the point of sight d, it being sufficient for the pur- 
pose to terminate them at the line of section / e. The ver- 
tical lines, as at q, r, are drawn from the points of intersec- 
tion in the plane/ d, which give the right and left comers of 
perspective pedestal ; and from the point a7,^where the central 
line c X intersects the ground line i k, the line x mia drawn 
to the vanishing point m, which gives the base line of right 
side of pedestal, and the line a; Z is drawn to the vanishing 
point Z, which gives the base line of left side of pedestal. 
Vertical lines are drawn from all the points in the plane /^, 
where the rays from the points in the plan of object intersect 
it. The horizontal lines z are drawn from the front eleva- 
tion A to the vertical line n o, and from the points where 
they intersect it — ^lines are drawn to the vanishing point m. 
The perspective is completed from the points where the 
vertical lines intersect the vanishing lines on either side, 
and as explained by the dotted lines.* 

 In a perspective drawmg where the vanishing point is incon 
veniently distant, an instrument called a centrolinead will be found 
oonyenient. It is composed of three moveable bars, the price of which, 
SO or 42 inches, in ebony, brass mounted, is 19«. ; electrum mountedt 
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PART VI. 



ISOMETBIGAL DBAWING. 



IsoMETBiOAL projection, though somewhat similar to real 
perspective, differs from, it in this, that whereas the angles in 
the former, as a rule, are drawn at 80° with the horizon, 
and measurements of any part, as in common drawing, can 
be readily taken off ; in the latter, parallel lines vanishing to 
a point (the objects getting less to the eye as they recede), 
the object cannot be measured readily enough for practical 
purposes. 

An isometrical cube may be drawn by describing a circle, 
and with the radius dividing the circumference by it into 
six equal parts, as in Fig. 823, completing the hexagon by 




Fig. 838. 

drawing the lines between the points thus found, and join- 
ing ah, a c, and a d, by straight lines to the centre a of the 
circle ; the part between o b being the representation of the 
top, and that between d e and d b the two visible sides ; the 
line a d being always drawn vertically from the centre of 
circle a, and thus parallel to the sides c e and 6/. 

Or the same results may be obtained by using the wood 

258.J including studs to work against. A temporary instrument may 
be made by nailing two pieces of wood on the stock of the T-square, 
having first found the proper angle at which to set them, and having 
two nails on the mars^ of the board against which to bear it, taking 
care that the front edge of the blade of T-square is in a line with the 
centre of the circle wmch the square in its position would describe. 
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angle of 80° bearing on the edge of T-sqnare set horizontally. 
Describe a circle, and through the centre a, Fig. 823, draw a 
vertical line g d, and from the point d where it intersects 




Fig. 824. 

the circle, and with wood angle of 80° on the T-square 
draw the line d /, also the line a h from the centre a of the 
circle, and e g from the point g, where the vertical line d g 
intersects the circle ; also, by reversing the wood angle as at 
d e, and from the point rf, a, and g, respectively — draw d «, 
a c, and g h ; join c e, ad, and h f hj the vertical lines as 
shown, thus completing the isometrical cube, the lines of 
which are obviously all of equal length. 
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^ — ''^ — ^ 
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_ 







Fig. 826. 



Almost any variety of such objects, all pleasing to the eye, 
can be projected, as at Figs. 824 and 825, with theT-square and 
little wood angle, hardly any measurements being necessary. 
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PART vn. 

SIZING, VABNISHING, AMD FRAMING. 

In drawings to be varnished, thick I'lnes, such as shade lines, 
and chalky colours should never be put on before sizing, as 
they blot under the process ; and before sizing the drawing 
should be permanently stretched on cloth on a frame, as 
described in Chapter IX. The best size for drawings is 
isinglass. The little holes, if any, made by the compasses in 
drawing the shade circles, should have a little size put over 
them to prevent the varnish penetrating and making a brown 
mark. 

The best varnish is Canada balsam, which, as in sizing— « 
should be put on with a flat fine brush. 

In a large drawing simply to be mou^ited on cloth for 
rollers, the cloth should be tacked as tightly as possible 
round the edge to a board or table, the tacks being driven 
only half in. The back of the drawing, or paper to be 
drawn on, should be damped before pasting,* and then laid 
on the stretched linen, or ** brown holland," and pressed 
gently with a clean cloth. The size and varnish should be 
put on the drawing while laid horizontal, to prevent flowing 
to the lowest part of it. The varnish must be quite dry 
before detaching the drawing from its nailed position. 

' To Frame a Drawing, — In framing a drawing for hanging 
up, dust may be kept from it by pasting narrow strips of 
paper all round inside at the edge of glass and frame. If 
to be put in a plain frame having a gilt strip, it is a preser- 
vative from tarnishing to put it inside the glass. When the 
drawing on the stretcher is placed in the frame and paper 
stretched all over the back (being all slightly damped pre- 
viously and pasted down at the edge) the dust will be 
entirely excluded from the drawing. 

* The paste should be quite cold before tising, for if put on hot tlL« 
iteam is apt to raise blisters on the paper. 
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A shaded drawing when hnng np shonld be in such a 
position that the lights in the drawing coincide with the 
light through the window. 

The same rule applies to an outline drawing having shade 
lines. 
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ABCI8S 42 

Acute angle 35 

,y angled triangle 36 

Angle, to bisect a given ..«•..... 53 

„ cnrvilineal . 35 

„ of 30* degrees (set square) 15, 113, §60 

„ of 45° „ definition of an '* 46 

„ ofQO"" „ definition of an 46 

„ inscribed 41 

„ obtuse 35 

„ rectilineal 35 

„ right 35 

„ of shadows 139, 165 

„ summit, or vertex of an 35 

Angled trapezoid, right 37 

„ triangle, acute 36 

„ ff right .......... 36 

„ „ definition of the base and perpendicular of a right . 36 

„ „ obtuse 36 

Angles 35 

Arc 40 

„ to bisect a circular 48 

Architectural orders in engineerlhg .85, 241 

„ scale 19 

Aspect of drawing office .1 

Astragal, to describe the ... 86 

Axis, major 43 

„ minor ••••••.. ..43 

Bakbelled bods, to draw 73 

Base of a triangle, definition of the ....... 35 

„ in a right angled triangle, definition of the 36 

Baton in drawing, application of the .73 

Batons for curved lines (and cost of) 14 

Beam compasses (and cost of) 10 

Bevel wheels, to draw 98 

„ in an oblique position, to draw 102 

Bisection of a circular arc 48 

„ of a given angle 53 

„ „ straight line ........ 47 

Boards for drawing (and cost of )........ 2 

„ to test correctness of ...... 6 

Uody plan in a ship's design . . 247 

N 
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PAGI 

Boiler riyetfl, to project 108 

Border lines and printing «..•..••• 222 

Bordering pen (and cost of) . • .13 

Bow lines in a ship's design •• 247 

Bows (and cost of) common ink 10 

99 n n pencil ....... 10 

99 99 spring 13 

Brass tint 219 

Breaks, in drawings of inconveniently long objects .... 129 

Brush rests 20, 206 

Brushes (and cost of) • ... 21 

Buttock lines in ship's design 247 

Cabikbt NE8TS (and cost of) 20 

Cases (tin) for rolled drawings (and cost of) . . • • . 237 

Cast iron tint 218 

Catenary curve, definition of 59 

Cavetto, to describe the 89 

Centre of a circle, to find the 53 

„ line of cylinder for beam and side-lever engines ... 84 
„ » of engine-crank at half -stroke, to find the position of . .85 

99 lines 69 

„ ,, on drawing to be copied from 70 

Centres, horn (and cost of) ....,,... 12 

Centrolinead (and cost of) 259 

Chord 40 

„ of 60® degrees 47 

Circle, to find the centre of a 53 

„ definition of a , .39 

„ chord of a 40 

„ to pass through three given points, to describe a . « . 54 

„ sector of a 4(y 

„ segment of a • . 40 

„ semi- . . . * , 39 

„ to sketch a 78 

„ tangent to a 41 

Circles 39 

„ to draw ink 132 

„ „ small and large pencil 33, 71 

„ shade lines on 136 

„ tangent 43 

Circumference 39 

Circumscribed polygon • . 43 

Cloth-mounted drawing-paper (and cost of) 23 

„ „ remarks on 31 

„ tracing (and cost of) 23 

Coals in sectional drawings of steamers, to represent • • • . 256 

Colouriue, shading and , . 205 

Colours (and cost of) • 19, 251 

Column, to draw the elevation of a barrelled-fluted • ... 95 

» » » parallel „ • ... 94 

^ , w » » tapered „ .... 95 

Columns, proportion of shafts of 241 242 

„ to measure between •••••... 78 

Commencing a drawing 31 

Compasses; common (and cost of) ....... 10 

t, beam and telescopic (and cost of) , « , ! 10 
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Compaa-es or bows, ink and pencil (and cost of) 
„ proportional (and cost of) 

Concave sin-face, definition of 

Concentric lines . . . 

yy M to draw 

Cone 



n 



„ to find the envelope of a given 
n » ^ n frustrum of a 

,, section, to pruject an ellipse, from a . 
„ ,y „ hypei bola, from a 

,, ,, „ parabola, from a 

Cones, f rustrums of . . . ' . 

„ sections of 

Conge, or scape, to describe the . 
Conical objects, intersection of cylindrical and 
f, „ rectangular and 

„ „ spherical and 

Convex surface, definition of . . . 

Copper tint 

Copy, drawing from a • • . . 

Copying from a tracing .... 

Covering of solids 

Crank at half stroke, to find the centre line of 
„ side view, to describe the curve in 

Cube, isometrlcal 

Curve, catenary 

„ of paddle-wheel, cycloidal . 
„ moulds for ship drawing, &c. (and cost of) 
Curved surface, definition of . . . 
Curvilineal angle ... 

Cutting off a stretched drawing . 

„ a part of a stretched sheet . 

Cycloid 

Cycloidal curve of a paddle-wheel, to draw the 
Cylinder casing in an oblique position, to draw a 
„ illustration of a . 

„ an inclined 

in beam and side-lever engines, to find the centre of 
sections, description of . 
to project the ellipse of oblique section of a 
to find the envelope for an angular ended 
in an oblique position, to draw the plan and 
Cylinders, shading sections of . . . 

Cylindrical objects, shading of ordinary sized 

» „ large „ . 

remarks on shade lines on 
of equal diameter, intersection of 
unequal „ 
and conical 
„ spherical 
Cyma-recta, to describe the Greek 

„ or ogee, to describe the Roman 
reversa or talon .... 
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Degrees, defininoii of 45 

„ an^Ie of 30° (set squares) 15,113 

„ dennition of an angle of 45o 46 

„ definition of „ lOo 46 

„ chord of 6O0 47 

Delineation of screw-propeller slip and path 226 

„ paddle-wheel „ 228 

Denomination of triangles ......... 36 

Dent in a fir drawing-board, to remove a 237 

Diagonal 89 

Diameter 39 

Dionome (and cost of^ 19 

Displacement, scale of 249 

Dividers (spring) and bows (and cost of) 13 

Division of a straight line into any number of equal parts ... 51 

Dodecahedron 43 

Dome, to find the envelope of a 67 

Dotted lines in drawings, remarks on 83, 134 

Double drawing pen (and cost of) ....... 13 

Drawing boards (and cost of) 2 

„ from a copy . . . , 68 

„ „ large machinery 75 

„ „ models 75 

„ office and furnishings 1 

, paper, to join * ... 27 

„ „ sizes of (and cost of) 22 

„ » on cloth, remarks on 31 

„ » to stretch long 26 

n 9t n ordinary sized ...... 24 

„ pins (and cost of) .12 

„ on a stretching frame 29 

Drawings on both sides of one board .28 

„ by photography, reducing or enlarging 233 

„ by scales, Ac. „ 74 

„ for engravings 232 

„ for lectures 234 

Duodecagon 39 

„ to describe a , , 56 

Eccentric likbs 42 

Elevations, drawing of .*.'!! 71 

Ellipse ! ! 43 

„ from a cylinder section, to project an . . . . ! 60 

„ „ cone „ „ 63 

„ mechanically, methods of describing an 57 

„ substitute for an 57 

Elongated sphere .' ! .' 45 

„ projection of shadow of an . . . ! . 200 

End wood, drawing of I34 220 

Engraving effect to drawings , \ . ' 221 

„ photographs from drawings, dsc., for 233 

Engravings, drawings for 232 

„ shading outiine 221 

Enlarging or reducing a drawing from a copy 74 

»> w » by scales • . . . ! 74 

» by photography . . . .233 

Enueagon ••••.«.. 39 
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pAai 
Envelope of a cone, to find the ...••••. 64 

„ f rustram of a cone, to find the 65 

„ an angular ended cylinder, to find the .... 65 

„ dome, to find the 67 

Envelopes or covering of solids • 64 

Epycycloid 59 

Equal parts, to divide a straight line into any number of . . .51 

Equilateral triangle, definition of 36 

„ M to construct an 52 

FiJXBT 86 

Finishing tints 219 

Flat surfaces— tinting 213 

Fluted column, to draw the elevation of a barrelled .... 95 

„ „ „ parallel .... 94 

„ „ „ tapered .... 95 

Fractures, in drawings of inconveniently long objects . . • 129, 130 

Frame a drawing, to 262 

Frustrum of a cone, to find the envelope of a 65 

Frustrums of cones 65, 98 

Gas fittings for drawing office ....... 2 

Geometry, hints on 33 

,, definition of 33 

„ lines .... r ...... 34 

„ angles 35 

„ triangles 35 

„ quadrilaterals 36 

99 polygons, definition of 38 

„ circles 39 

„ regular solids 43 

„ to bisect (or divide into two equal parts) a given straight 

line, by a line drawn perpendicular to it . . .47 

„ to bisect a circular arc 48 

„ to draw a perpendicular to a given straight line, from a 

given point in tlie line ; Urst, when the point is near 

the middle of the line 48 

„ Second^ when the point is at or near one extremity of the line 48 
„ to draw a perpendicular to a given line from a given point 

without the line ; First, when the point is conveniently 

near the middle of the line 49 

„ Second, when the point is near the end of the line . • cO 

„ to describe a square on a given straight line ... 50 

„ to draw a line parallel to a given line .... 50 

„ First, to draw the parallel at a given distance ... 50 

„ Second, to draw the parallel through a given point . • 60 

„ to divide a 8traight line into any number of equal parts . 51 

„ to construct an equilateral triangle 52 

„ to construct a triangle having its three sides of given lengths 52 
„ to draw a straight line so as to form any required angle with 

another straight line . . . . . . .52 

„ to bisect a given angle . . . . . . .53 

^ to find the centre of a circle 53 

„ to describe a circle that shall pass through three given points 54 
ff to draw a circle which shall touch a given line, and also a 

given circle 54 
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Geometry, to draw radial lines npon the circnmfereDce of a circle, tlie 

centre being inaccessible ... . . 55 

„ to describe a regular pentagon 55 

„ to describe a hexagon 55 

„ to describe a regular octagon in a given square, &c. , .56 

„ to describe a duodecagon 6Q 

„ to describe an ellipse mechanically 57 

„ substitute for an dlipse 57 

,, ovals . • t 5d 

,, cycloid .58 

„ epycycloid . . . • - 59 

,, catenary curve . • • • • • • • .59 

^ cylinder sections .•••...• 59, 60 

„ conic sections 60 

„ to describe a parabola 61 

„ „ hyperbola 63 

„ „ eUipse 63 

„ covering of solids 64 

„ to find the envelope of a cone 64 

„ „ f riistrum of a cone . • • 65 

„ „ angular ended cylinder . , , G6 

„ „ of a dome 67 

German text print 224 

Glue as an adhesive 24 

Graining of woo<l 130, 219 

Grease marks from a drawing, to remove 238 

Grecian Doric order, description and example of 242 

Greek cyma-recta, to describe the . . 92 

„ ovolo, to describe the • . 87 

Gum, as an adhesive • 25 

Half-bbbadth plan, ship's 247 

Hang up a drawing, to ..••..... 263 

Helix, or screw 42 

„ to describe a 122 

Heptagon 39 

Hexagon .38 

„ to describe a 55 

Hexagonal prism 44 

„ pyramid 44 

„ objects and spheres, intersection of 121 

Hexahedron 43 

Hints on eeometry .33 

Horizontiu line 34 

Horn centres for drawing circles (and cost of) * 12 

Hyperbola, definition of a .60 

„ from the section of a cone, to project a .... 63 

Hyperbolical ovolo, to describe the 89 

Hypotenuse 36 

ICOSAHEDSON 43 

Illustrations for lectures 234 

Inclined cylinder 45 

„ pyramid 45 

India ink (and cost of) 20 

„ rubber 16 

Indigo . , 19 
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Ink bows (and cost of) * 10 

„ India (and cost of) .20 

„ lines, to draw 133 

Inks (and cost of) . . • • 20 

Inking-in a circle . . • . • 132 

„ a drawing . • 130 

„ a tracing 230 

Inscribed angle 41 

„ line ....•..•••• 41 

I, triangle 41 

Instruments, drawing (and cost of) 9 

Intersections 114 

„ cone and sphere 121 

„ cylindrical and conical objects .... 112, 118 

„ „ objects of equal diameters .... 115 

ff ff ,t unequal diameters . . • .115 

„ „ „ and spheres 12C 

,, hexagonal „ „ • . . • • 121 

„ rectangular and conical objects 116 

„ „ objects 121 

„ „ ,, and spheres .... 119, 120 

Ionic volute, to describe 242 

Iron-plate sections 133, 221, 255 

Irregular figures, copying 72 

„ objects, measuring 80 

» PoVf^on, definition of an ••..... 38 

Isometrical projection 260 

Isosceles, trapezoid 38 

„ triangle • . • • 36 

Join DRAWiNG-PiLPSB, to 27 

„ tracing „ • . . 232 

Large icachinebt, drawing from ••••••• 75 

Lead weights for batons (and cost of) 14 

„ „ for general use (and cost of) 15 

Lectures, drawings for 234 

Light for drawing ofiSce 1 

„ reflected 208 

„ on edge of flat surfaces in shading 215 

Line, definition of a 34 

„ for cylinders of beam and side-lever engines, centre ... 85 
„ engine-crank at half-stroke, centre ...... 85 

^ to draw a pencil ,32 

„ „ an ink 133 

„ „ a curve 73 

„ into any number of equal parts, to divide a straight • • • 51 

„ horizontal 34 

y, inscribed « . . . » « . . » •41 

a, xnixeci ...*ti>' ••• •• o4 

„ oblique m » ^ ^ ' ....•35 

„ perpendicular .,.......• 35 

„ vertical .••«••. .•• 04 

Liines ..•••«*..*•• . o4 

„ centre 69 

„ concentric 42 

„ not continuous, drawing ........ 73 
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Lines in drawings, dotted .83, 134 

^ eccentric ^ 

„ parallel • . 34 

„ to draw parallel ^ 

„ from a centre, to draw radial 100 

„ on the circumference of a circle without a centre, to draw ra<lial . 55 

„ shade 136 

„ ship's waters • 247 

Long drawing-paper, to stretch ••••..•• 26 

Longitudinal sections • . • • • 81 

Majob axis •t43 

MaUeable iron tint 218 

Margin for drawings, breadth of . . « 68 

Mark dimensions, ac, in sketch-book, to 76 

Measure between columns, Ac, to 78 

Measurements from a copy 69 

„ „ htrge machinery 77 

„ „ mMlels 75 

„ requisites for taking 76 

Measuring of irregular objects .80 

„ wheels 76 

Minor axis « • 43 

Mitre wheels, to draw • . . 98 

„ „ in an oblique position, to draw 102 

Mixed line 34 

Models, drawing from 75 

Mouldings 86 

Moulds for curves (and cost of) ••.«..•• 16 

Nboatttb and positive screw-propeUer slip, to delineate . • « 226 

Nests, cabinet (and cost of) 20 

Neutral tint for shading 206 

Ninety degrees, definition of an angle of 46 

Nonagon 39 

Nuts, to draw six-sided 55, 113 114 

„ to measure „ 81 

„ radius for the curves of „ . • 114 

„ shade lines on „...•«••. 138 

,^ shading of „...<« < • 212 

Oblique line, definition of an . . . • • • . 35 

„ position, to draw bevel-wheels in an . ... 102 

„ „ „ cylinder in an 104 

„ „ „ valve casing in an . • • , . 106 

„ „ „ plummer block 107 

Obtuse angle 35 

„ angled triangle 36 

Octagon, illustration of an ... . ... 39 

„ in a given square, to describe a regular • . 56 

Octahedron .• ..43 

Ofiice for drawing, and furnishings ... • - • . 1 

Ogee, to describe the • • . 91 

Old English print • • . 225 

Order, description and example of the Grecian Doric • . • . 242 

„ „ n 9^ Roman Doric . , . 242 

m ff n ^ Tuscan . e , . 241 
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Order, example of shaded Tuscan •••••.. 216 

Orders of architecture in engineering •••...• 241 

Ordinate •••..••42 

Ovals, methods of describing 58 

Ovolo, to describe the Greek . • . • • . • • 87 

„. „ h3rperbolical • • 89 

yy „ Roman . • . « • • • • 86 

Ox-gall for inking (and cost of) 181 

Paddle-wheel, to delineate the cycloid curve of a • • • . 228 

Palettes (and cost of) 20 

Paper, drawing (and cost of) • • . 22 

„ to join drawing 27 

„ to stretch long drawing 26 

„ „ ordinary „ 24 

„ „ tracing ...•••••• 232 

„ tracing (and cost of) 23 

„ to make tracing 23 

Parabola 60 

„ from a conic section, projection of a 61 

Parallel lines 34 

„ to a ^ven line, to draw a line 50 

„ rulers (and cost of) 11 

Parallelogram 37 

Path, dehneation of a screw-propeller 227 

„ „ paddle-wheel 228 

Pen, ordinary drawing (and cost of ) 11 

„ bordering drawing (and cost of) 13 

„ double drawing (and cost of) 13 

„ wheel (and cost of) 18 

Pencil bows (and cost of) 10 

„ circle!^ to draw .•••••••• 33, 71 

„ point 32 

Pencils 16 

Pentagon 38 

„ to describe a ..55 

Perpendicular line, definition of a • .35 

„ in a right-angled triangle, definition of the . • .36 

„ to a given straight line, to draw a 48 

Perspective drawing 257 

Photography, enlai^ng or reducing drawings by 233 

Pins, drawing (and cost of) 12 

Plan, position of a machine 69 

„ ship's body • . 247 

Plate, sections of iron 133, 221 

Plates for print, stencil (and cost of) 225 

Plummer blocks, Ac, in an oblique position, to draw plans and end 

views of • . 107 

Point, definition of a 34 

„ to draw a parallel through a given .«.••. 50 

Polygon, definition of a • . 38 

„ circumscribed . . . . ' 43 

„ irregular • . . 38 

„ regular 38 

Polygons, illustration of regular 38 

Positive and negative (screw propeller) slip, to delineate • . • 226 

Preparation for drawing on boanis 23 

» ,» stretchers •••.••• 29 
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Pricking, copying a drawing by '^72 

Print, variotis examples of ... , 224 

,, set squares for (and cost of) •••••!! 222 

Printing and border line 222 

„ on drawings ! ! 223 

Prism, hexagonal , . 44 

„ quadrangular ! 43 

„ triangular ] 43 

„ truncated 44 

Profile, ship's . . ! ! 244 

Projection of an ellipse from a conic section ! 63 

n ff n cylinder section . . . . .* 60 

„ isometrical • . , , , 260 

„ of a parabola from a conic section 61 

„ of shadows (see Shadow projections) .' , . . ! 138 

Propeller path, to delineate screw 227 

„ to draw sections of a screw 128 

„ slip, to delineate screw. 226 

Propellers, illustration of front and side views of various screw . . 129 

Proportion of shafts of columns , , 241 242 

Proportional compasses (and cost of) . • . , . , . ' 12 

Proportions of spur-wheel teeth, table of 97 

Protractor, application of .46 

Protractors, cost of 12 

PjTamid, hexagonal 44 

„ inclined 45 

„ quadrangular 44 

„ triangular 44 

Qdadbanouiab prism • •43 

„ pyramid 44 

Quadrant, definition ofa 43 

Quadrilateral figure, definition of a 36 

Quadrilaterals, illustration of ••...... 37 

Radial Lmss from a CEirrRE, to draw 100 

„ „ on the circumference of a circle without a centre, to draw 55 

Radiated shadows I39 

Radius 40 

Rectangle . • ! 37 

Rectangular and conical objects, intersection of . . . . ! 116 
„ objects and spheres „ .... 119, 120 

„ „ intersection of unequal 121 

Rectilineal angle, definition of 35 

Reducing a drawing from a copy 74 

„ and enlarging drawings by photography .... 233 

» » n scales 74 

Reflected light 208 

Regular curves, to draw ' . , . ! 73 

» polygon, definition of 33 

» polygons, illustrations of . 38 

„ solids 43 

Requisites for drawing oflice 1 

Rhomboid 87 

Rhombus 87 

Right angle, definition of a . , , , , . , . .35 

w angled trapezoid . . • • i 31 



IKDEX. 275 

PAOI 

Right angled triangle •.......• 36 

n n 99 definition ot the base and perpendicalar of a . 36 

Ring sections, circular 161 

Rivets on a curved surface, to draw 112 

Roman cyma-recta, or ogee, to describe 91 

„ Doric order, description and illustration of . • • . 242 

„ ovolo, to describe tne 86 

Rubber, India 16 

Ruled sketching-paper (and cost of) 76 

Rulers, parallel (and cost of) ..••••••• 11 

SCALB OF DISPLAOEHBNT 249 

„ architectural 19 

„ drawing by 74 

„ for a drawing, to make a 84 

„ shipbuilders' 18 

Scalene triangle 36 

Scales (and cost of) 17 

„ enlarging or reducing drawings by .•••.. 74 

Scape, or conge, to describe the 90 

Scotia, to describe the ,. .93 

Screw propeller, to draw sections of a 128 

„ „ path, to delineate , . 227 

„ „ slip, to delineate positive and negative . • . 226 

„ thread, to draw a 122 

„ threads to the inch and diameter, table of 125 

„ or worm wheel, to draw a 125 

„ propellers of 2, 3, and 4 blades, front and side views of • . 129 

Secant 41 

Second-hand drawing instruments 10 

Section, definition of a • .59 

„ of a cone, to project an ellipse, from the 63 

„ „ „ h3^erboIa, from the . • • • 63 

„ „ „ parabola, from the • • • .61 

„ of a cylinder „ ellipse, from the 60 

Sectionised work, colouring on ....... 220 

Sectionising any material • 82 

Sections of cones • . • . 60 

„ cylinders . . • • 59 

„ iron plate 133, 221 

„ longitudinal 81 

„ rings • . • . 161 

„ screw propellers, to draw 128 

„ transverse 81 

Sector 40 

Segment 40 

Semicircle 39 

Set squares (ordinary) (and cost of) • . 15 

„ for print (and cost of ) ' . . 222 

Shade on bright metal work 212 

„ circles 137 

„ on flat surfaces 213 

„ lines 136 

Shaded Tuscan order 216 

„ tracings • . • . 231 

Bhslding and colouring 205 

„ ordinary cylindrical objects ....... 208 
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Shading large cylindrical objects •••••••. 211 

„ ,, flat surfaces .•••.•••• 214 

y, outline engrayings 221 

„ process • • • 210 

„ six-sided nuts ..•«...••• 212 

„ tint .....•• 206 

„ tumblers for (and cost of) • 20 

Shadow angle 139 

„ projections . . . , . • , • • • 138 

„ bracket on a concave surface ....••• 178 

„ „ convex ,, 178 

„ „ plane at right angles to it 156 

„ circular flange on a conical sti^ng-box (vertical) . . . 177 

n ft ft (inclined) . , .177 

f, „ horizontal cylinder at right angles to it . 171 

9 „ an inclined „ » yt • 175 

„ „ „ plane at right angles to it . • 174 

n ,) a vertical y, „ • • 159 

„ „ „ cylinder „ . . 170 

», „ flanges on various forms at right angles to them . . 173 

„ „ object, or disc, on a sphere 198 

„ „ orifice on a plane parallel to it 155 

„ „ recess „ at right angles to it . . . . 145 

„ column (in its section — a cross) on a plane at right angles to it 142 

„ concave cover, in a vertical cylinder section .... 188 

y, convex ,, „ „ . • • . 188 

,, cylinder on a plane parallel to its axis .... 154, 180 

n n » at right angles to its axis .... 141 

„ „ sections 187—189 

„ „ ^horizontal) on another adjacent and vertical . 182, 183 

„ „ (vertical) on another adjacent and parallel to it . . 184 

„ deck (level) in a longitudinal section of a ship . • . 252 

„ ,, (with sheer) „ „ „ ... 253 

„ disc ^vertical) on a horizontal cyunder parallel to it . . . 185 

„ „ (vertical) on a sphere 198 

„ elongated sphere on a plane parallel to its axis .... 200 

„ flanges of various forms on planes, dtc 172, 173 

„ flat cover in a vertical cylinder section ..... 188 

,f „ covers in oblique „ sections . . . . .189 

„ fluted column on a plane at right angles to it . • . . 142 

„ half cylinder „ „ to its ends . . . 153 

„ hollow semi-sphere 164 

, horizontal straight object on an inclined plane . . . 191 

„ knee, round ^circular in section), on a plane • • • . 204 

„ „ square (square in section) ,, .... 150 

f, obelisk on a plane at right angles to it 144 

„ oblique flange on a plane at right angles to it . • . . 158 

„ „ plane in a cylinder 190 

„ „ square column on a plane 146 

„ „ „ at an angle of 45o in a recess . . 147 

„ „ „ at a greater angle than 45o in a recess . 148 

„ „ „ on two parallel planes .... 149 

„ octagon on a plane at right angles to it 142 

„ „ round, and square flanges on various forms . • 172, 173 

„ ogee on a plane at right angles to it 157 

„ paddle float, on a float adjoining (both oblique) . • . 195 

„ „ floats, on a plane at right angles to them . • . 192 

w „ ring, on a horizontal float ... 193 
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Shadow, paddle ring on an oblique float ••••,. 194 

„ radial objects on a plane 151 

„ radiated shadows 139 

f, rectangular object on a plane at right angles to it . . . 141 

„ ., 9t sphere 197 

„ ring (circular in section) on a plane parallel to it . . . 160 

„ „ n „ at right angles to it • . 203 

„ „ half (circular in section) ,, „ . . 204 

„ „ (rectangular in section) on a plane parallel to it • . 160 

y, round shaft on a plane parallel to its axis . • • . 166 

„ screw thread 186 

„ semi-circular objects on a plane at right angles to them • . 153 

,, sphere on a plane 163 

„ square column on a plane at right angles to it . . . . 143 

,y „ in a recess being a plane at right angles to it . 146 

„ „ adjoining a recess being a plane at right angles to it 146 

„ „ columns oblique to a plane 146—149 

„ „ flange on an oblique plane at right angles to it . . 174 

„ „ „ on a vertical cylinder 172 

„ „ „ on a plane, parallel, and at right angles to it 157, 158 

„ „ recesses 145 

„ „ tapered column on a plane ac right angles to it . . 143 
„ vertical disc on a horizontal cylinder parallel to it . . .185 

Shadows on sections, remarks on 212 

Shafts of columns, proportion of 241,242 

Sheer draught, ship's 244 

Sheet, cutting off a stretched 236 

Ship curve moulds (and cost of) 16 

Ship's body plan 247 

„ design, explanation of the drawing of a . . . • . 244 

„ detail coloured drawings 250 

„ half -breadth plan 247 

„ sheer draught 246 

„ sections, projection of shadows on • 253 

Shipbuilders' scale 18 

Six sided nuts, to draw 55, 113 

„ to measure 81 

„ radius for curves of 114 

„ shade lines on 138 

^ shading 212 

Sizes of drawing paper (and cost of) 22 

„ in sketch-book, to mark 76 

Sizing drawings for varnishing • . 262 

Sketch-book 76 

„ machinery details, to 77 

„ a circle, to 78 

Slip of screw propeller, to delineate 226 

Solid, definition of a . . . ...... 34 

Solids, covering of 64 

„ regular 43 

Sphere 45 

„ elongated 45 

„ intersection of a cylindrical object and a 120 

„ „ hexagonal ,,99 121 

M „ cone and a 121 

Spheres „ of rectangular objects and .... 119, 120 

Spheroid 45 

Spiral 42 
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Spiral staircase, to draw a • • . • 125 

Sponge a shaded drawing, to 216 

„ an outline drawing, to 135 

„ a sheet for stretching on a board, to 24 

Sponges 16 

Spring dividers and bows (and cost of) 13 

Spur-wheel, to draw in the teeth in face view of a . . . .9? 

f> n n side „ 96 

„ teeth, table of proportions of ...••• 97 

Square, definition of 37 

„ definition of the diagonal of a 46 

„ on a given straight line, to describe a 50 

„ threaded screw, to draw a 122, 124 

„ to hold a T 32 

Squares, set (and cost of) 15 

„ „ for print Tand cost of) 222 

„ T (and cost of) 6 

„ to test correctness of T 9 

Staircase, to draw a spiral 125 

Stencil-plates for print (and cost of) 225 

Stone tint 219 

Straight-edge, to test correctness of a 15 

„ edges (and cost of ) . 15 

„ line, to bisect a given 47 

Stretch paper on a board for drawing, to ...... 24 

n n frame „ 30 

„ long drawing-paper, to 26 

„ tracing-paper, to 231 

Stretched drawing, to cut off a whole ....... 236 

„ sheet, to cut off a part of a 237 

Summit of an angle 85 

Surface, definition of ....••.,.. 34 

„ „ concave ..•••••. 35 

„ „ convex • • • 35 

„ „ a curved 35 

Surfaces •••35 

TABLB FOB DBAWmO • . 1 

„ of proportions of wheel teeth 97 

„ threads to the inch and diameters for screws .... ^25 

Talon 92 

Tangent 41 

„ to a circle, definition of 41 

„ circles 43 

Teeth of wheels, to draw the face view of 97 

„w , y> » side „ 96,97 

Telescopic compasses (and cost of) 10 

Testing correctness of drawing-boards 6 

„ „ straightedges 15 

w n T-squares 9 

Tetrahedron 43 

Text print, German 224 

Thirty degrees set square, angle of . . . , , 15, 113 

Thread, to draw a screw X22 

Threads to the inch and diameter for screws, table of ... 12.'5 

Tin ca?es for rolled drawinc^s (cost of ) . 237 
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99 
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99 
99 
99 
99 
99 
99 



99 
99 



Tint for brass • • • 
cast iron . . 

copper . . . 
malleable iron 
shading) neutral 
water level sections 
wood . . . 
stone . . . 
Torus, to describe the . 
Tracing .... 
„ cloth (and cost of) . 
copying from a • 

to ink-in a 

to mount a • . 
to shade a 
paper (and cost of) 
„ to join . 
to make 
to stretch 
Transverse sections 
Trapezium .... 
Trapezoid .... 
„ isosceles . • 
„ right angled . 

Trestles (and cost of) . 
Triangle, ^rute angled 

„ definition of the base of a 
equilateral 

to construct an equilateral 
inscribed 
isosceles 
obtuse angled 
right angled . 

definition of the base and perpendicular 
„ scalene 
Triangles 

,, denomination of • 
Triangular prism . . ^ 

„ pyramid • 
Truncated prism . • 
T-squareSy to test correctness of 
„ various (and cost ( f ) 
Tumbler for shading, water (and cost of) 
Tuscan order, description of the . 
„ outline, illustration of 

„ shaded, illustration of 

Undecaooic 
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Varnish a dra-wikg, to 
Vertex of an angle 
Vertical line 
Volute, to describe a . 



Water lines, ship's . . • 
„ surface section, tint for . 
Weights (lead) for batons (and cost of) 



of a right 



angled 
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206 

252 
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86 

230 

23 

69 

230 
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23 
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81 

37 

37 
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36 

52 

41 
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Weights (lead) for general use in drawing (and cost of) • • • 15 

Wheel pen (and cost of) • • 13 

„ to draw a worm or screw 126 

Wheels, to draw bevel .... . • • • . 98 

„ in an oblique position, to draw bevel ...... 103 

,j niitre . ....••••••• <7o 

,, to draw spur 96, 97 

„ to measure . 78 

„ table of proportions of teeth of 97 

Wood, graining end 134,220 

„ „ side 130,219 

„ tint 219 

Worm wheel, to draw a • 126 

Vbllow tint fob brass 219 

woody dEC. ' 218 



THB F.ND. 



PKIMTBD BY J. 8. VIRTUE AND CO., UNITED, CITY ROAD, LONDON. 



WEALE'S SERIES 

OP 

SCIENTIFIC AND TECHNICAL 

WORKS. 



*' It is not too much to say that no books have ever proved more 
popular with or more useful to young engineers and others than the 
excellent treatises comprised in Weale's Series.'*— Engineer. 



Jl lUhr ClasstM Kist. 



CIVIL ENQINEERINQ AND SURVEYINQ 2 

MINING AND METALLURGY .... 8 

MECHANICAL ENQINEERINQ .... 4 

NAVIQATION, SHIPBUILDINa ETa . 6 



rAOK 
ARCHITEOTURE AND BUILDING . . 6 

INDUSTRIAL AND USEFUL ARTS. . 

AGRICULTURE, GARDENINQ, ETC. . ID 

MATHEMATICS, ARITHMETIC. ETC. . 12 



BOOKS OF REFERENCE AND MISCELLANEOUS VOLUMES . . 14 




&\h 



CROSBY LOCKWOOD AND SON, 

7, STATIONERS' HALL COURT, LONDON, E.C. 

1901. 



1 weale's scientific and technical sebies. 

CIVIL ENGINEERING & SURVEYING. 
Otvil Bn^ineering. 

By Hbmry Law, M.InstCE Including a Treatise on Hydraulic 
Enginsbrinc by G. R. Burnbll, M.I.CE. Seventh Edition, revised, 
with Largb Additions by D. K. Clark, M.I.CE . . . 6/6 

Flimeer Bngineering : 

A Treatise on the Engineering Operations connected with the Settlement of 
Waste Lands in New Countries. By Edward Dobson, M.Inst.CE. 
With numerous Plates. Second Edition 476 

Ivon Bridges of Moderate Span: 

Their Construction and Ereaion. By Hamilton W. Pbndrkd. With 40 
Illustrations 2/0 

iMRn and Steel Bridges and Viaducts. 

A Practical Treatise upon their Construction for the use of Engineers, 
Draughtsmen, and Students. By Francis Campin, C.E With numerous 
Illustrations 3/6 

Oonstruotional Iron and Steel Work, 

As applied to Public, Private, and Domestic Buildings. By Francis 
Campin, CE. 3/6 

Tabular and other Iron Girder Bridges. 

Describing the Britannia and Conway Tubular Bridges. By G. Drysdalb 
Dbmpsby, C.E. Fourth Edition 2/0 

Katerials and Construction: 

A Theoretical and Practical Treatise on the Strains, Designing, and Erec- 
tion of Works of Construction. By Francis Campin, C.£. . . 3/0 

Sanitary Work in the Smaller Towns and in Yillages. 

By Charlbs Slagg, Assoc. M.Inst.CE. Third Edition . . 3/0 

Roads and Streets (The Construction of). 

In Two Parts: I. The Art of Constructing Common Roads, by H. 
Law, C.E., Revised by D. K. Clark, C.E. ; II. Rbcbnt Practicb: In- 
cluding Pavements of Wood, Asphalte, &c. By D. K. Clark, CK 4/6 

Gas Works (The Construotion of), 

And the Manufacture and Distribution of Coal Gas. By S. Hughbs, CE. 
Re-written by WiLUAM Richards, CE. Eighth Edition . . 6/6 

Water Works 

For the Supply of Cities and Towns. With a Description of the Principal 
Geol<^ical Formations of England as influencing Supplies of Water. By 
Samubl Hughbs, F.G.S., CE. Enlarged Edition .... 4/0 

The Power of Water, 

As applied to drive Flour Mills, and to give motion to Turbines and other 
HydrosUtic Engines. By Joseph Glynn, F.R.S. New Edition . 2/0 

WeUs and WeU-Sinking. 

By John Geo. Swindbll, A. R. I. B. A., and G. R. Burnbll. CE. Revised 
Edition. With a New Appendix on the Qualities of Water. Illustrated 2/0 

The Drainage of I^ands, Towns, and Buildings. 

By G. D. Dbmpsby, CE. Revised, with large Additions on Recent 
Practice, by D. K. Clark, M.I.CE. Third Edition . . . 4/6 

The Blasting and Quarrying of Stone, 

For Building and other Purposes. With Remarks on the Blowing up of 
Bridges. By Gen. Sir J. Burgoyne, K.CB f/6 

Foundations and Conorete Works. 

With Practical Remarks on Footings, PlankinK, Sand, Concrete, B^ton, 
Pile-driving, Caissons, and Cofferdams. By £. Dobson, M.R.I.B.A. 
Eighth Edition 1/6 



weale's scientific and technical series. S 

PnemnatioB, 

Including Aconstics and the Phenomena of Wind Currents, for th« Um «f 
Beginners. By Charles Tom linson, F.R.S. Fourth Edition . 1/S 

liand and Engineering Surveying. 

For Students and Practical Use. ByT. Baker, C.E. Eighteenth Editioi^ 
Revised and Extended by F. £. Dixon, A.M. Inst. C.E., Professional Aat^ 
ciate of the Institution of Surveyors. With numerous Illustrations and two 
Lithographic Plates \Jusi ^ublish€d 2/0 

Mensuration and Measuring. 

For Students and Practical Use. With the Mensuration and Levelling of 
Land for the puri>oses of Modern Engineering. By T. Bakbr, C.E. N«w 
Edition by £. Nugent, C.£ 1/6 



MINING AND METALLURGY. 
Mineralogy, 

Rudiments of. By A. Ramsay, F.G.S. Fourth Edition, rcYlsed 
enlarged. Woodcuts and Plates 3/0 

Goal and Goal Mining, 

A Rudimentary Treatise on. By the late Sir Warington W. Smyth, 
F.R.S. Eighth Edition, revised and extended by T. Forstbr Browm. 

UustpubUsktd 3/6 

Metallurgy of Iron. 

Containing Methods of Assay, Analyses of Iron Ores, Processes of Mano- 
facture of Iron and Steel, &c. By H. Bauerman. F.G.S. With numeroui 
Illustrations. Sixth Edition, revised and enlarged .... 5/0 

The Mineral Surveyor and Yaluer*s Gomplete Guide. 

By W. LiNTERN. Fourth Edition, with an Appendix on Magnetic and 
Angular Surveying 3/6 

Slate and Slate Quarrying: • 

Scientific, Practical, and Commercial. By D. C. Davibs, F.G.S. Witl> 
numerous Illustrations and Folding Plates. Fourth Edition . . 3/0 

A First Book of Mining and Quarrying, 

With the Sciences connected therewith, for Primaiy Schools and Self In« 
struction. By J. H. Collins, F.G.S. Second Edition • . •1/6 

Subterraneous Surveying, 

With and without the Magnetic Needle. By T. Fbnwick and T. Bakbs, 
C.E. Illustrated 2/6 

Mining Tools. 

Manual of. By William Morgans, Lecturer on Practical Minbg at ths 
Bristol School of Mines 2/6 

Mining Tools, Atlas 

Of Engravings to Illustrate the above, containing 335 lUttStrationsof Mining 
Tools, drawn to Scale. 4to 47o 

Physical Geology, 

Partly based on Major-General Portlock's " Rudiments of Geology. " 
By Ralph Tatb, A.L.S., &c. Woodcuts 2/0 

Historical Geology, 

Partly based on Major-General Portlock's " Rudiments." By Ralph 
Tate, A.L.S., &c Woodcuts 2/6 

Geology, Physical and Historical. 

Consisting of *' Physical Geology," which sets forth the Leading PrindplM 
of the Science ; and " Historioil Geol<^^," which treats of the Mineral «ii 
Organic Conditions of the Earth at each successive epoch. By Ralph 
Tatb, F.G.S 4/6 

Bleotro-Metallurgy, 

Practically Treated. By Albxandbr Watt. Tenth Editioa, tnlarged 

and revised, including the most Recent Processes .... 3/6 



4 weale's scientifio and technical series. 

MECHANICAL ENGINEERING. 
Thtt Workman's Manual of Bn^inoering^ Drawing. 

By John Maxton, Instructor in Engineering Drawing, Royal Naval 
College, Greenwich. Seventh Edition. 300 Plates and Diagrams . 3/6 

Viiels: Solid, liiquid, and Gaseous. 

Their Analysis and Valuation. For the Use of Chemists and Engineers. 
By H. J. Phillips, F.CS., formerly Analytical and Consulting Chemist 
to the Great Eastern Railway. Third Edition 2/0 

Fuel, Its Combustion and Bconomy. 

Consisting of an Abridgment of " A Treatise on the Combustion of Coal and 
the Prevention of Smoke." By C. W. Williams, A.I.C.E. With Exten- 
sive Additions by D. K. Clark, M.Inst.C.E. Fourth Edition . 3/6 

Thtt Boilermaker's Assistant 

In Drawing, Templating, and Calculating Boiler Work, &c By J. Court- 
NBV, Practical Boilermaker. Edited by D. K. Clark, C.£. . 2/0 

The Boiler-Maker's Ready Reckoner, 

With Examples of Practical Geometry and Templating for the Use of 
Platers, Smiths, and Riveters. By John Courtney. Edited by D. K. 

Clark, M.I.CE. Fourth Edition 4/0 

%* TJU last irvo IVarks in On* Volume, half-bound, entitltd " The Boiler- 
maker's Ready-Reckoner and Assistant.'' By J. Courtney and 
D. K. Clark. Fricg 7/0. 

Steam Boilers : 

Their Construction and Management. By R. Armstrong, CE. Illustrated 

1/6 

Bteam and Maohinery Management. 

A Guide to the Arrangement and Economical Management of Machinery. 
By M. Powis Bale, M.Inst. M.E 2/6 

Bteam and the Steam Bngine, 

Stationary and Portable. Being an Extension of the Treatise on the Steam 
Engine of Mr. J. Sewbll. . By D. K. Claak, CE. Foiurth Edition 3/6 

The Steam SSntfine, 

A Treatise on the Mathematical Theory of, with Rules and Examples for 
Practical Men. BvT. Baker, CE f/Q 

The Steam Bngine. 

By Dr. Lardner. Illustrated . . ' 1/6 

Iiooomotive Bngines, 

ByG. D. Dempsby, CE. With large Additions treating of the Modem 
Locomotive^by D. K. Clark, M.Inst. CE 3/0 

I^ooomotive Bngine-I>riinng. 

A Practical Manual for Engineers in charge of Locomotive Engines. By 
Michael Reynolds. Tenth Edition, ys, 6d. limp ; cloth boards . 4/6 

Stationary Bngine-Drivin^. 

A Practical Manual for Engineers i» charge of Stationary Engines. By 
Michael Reynolds. Sixth Edition. 3/. 6df. limp ; cloth boards . 4/o 

The Smithy and Forge. 

Including the Farrier's Art and Coach Smithing. By W. J. E. Crane. 
Fourth Edition 2/6 

Modern Workshop Practice, 

As applied to Marine, Land, and Locomotive Engines, Floating Docks, 
Dredging Machines, Bridges, Ship-building, &c. By J. G. Winton. 
Fourth Edition, Illustrated • . 3/6 

Mechanical ESngineering. 

Comprising Metallurgy, Moulding, Casting, Forging, Tools, Workshop 
Machinery, Mechanical Manipulation, Manufacture of the Steam Engine, 
&C. By Francis Cam pin, C£. Third Edition .... 2/6 

Details of Machinery. 

Comprising Instructions for the Execution of various Works in Iron in the 
FittiDg-Shop, Foundry, and Boiler* Yard. By Francis Campin, CE. 3/0 
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WEALE'S SCIENTIFIC AND TECHNICAL SERIES. 5 
Blementary BiigineeFini^: 

A Manual for Young Msurtne Engineers and Apprentices. In the Form of 

§ Questions and Answers on Metals, Alloys, Strength of Materials, &c. 
y T. S. Brewer. Fourth Edition 1/6 

Po'ser in Motion: 

. Horse-power Motion, Toothed-Wheel Gearing, Long and Short Driving 
Bands, Angular Forces, &c. By Jambs Armour, C.E. Third Edition 2/0 

Iron and Heat, 

Exhibiting the Principles concerned in the Construction of Iron Beams, 
Pillars, and Girders. By J. Armour, C.E 2/6 

Praotioal Meohanism, 

And Machine Tools. By T. Baker, C.£. With Remarks on Tools and 
Machinery, by J. Nasmyth, CE 2/6 

Mechanics : 

Beine a concise Exposition of the General Principles of Mechanical Science, 
and Uieir Applications. By Charles Tomlinson, F.R.S. . .1/6 

Cranes (The Construction of), 

And other Machinery for Raising Heavy Bodies for the Erection of Build- 
ings, &c By Joseph Glynn, F.R.S 1/6 



NAVIGATION, SHIPBUILDING, ETC. 
The Sailor's Sea Book: 

A Rudimentary Treatise on Navigation. By James Greenwood, B.A. 
With numerous Woodcuts smd Coloured Plates. New and enlarged 
Edition. By W. H. Rosser 2/6 

Practical Nairigation. 

Consisting of The Sailor's Sea-Book, by James Greenwood and W. H. 
Rosser ; together with Mathematical and Nautical Tables for the Working 
of the Problems, by Henry Law, C.E., and Prof. J. R. Young . T/0 

Nasrigation and Nautical Astronomy, 

In Theory and Practice. By Prof. J. R. Young. New Edition. 2/6 

Mathematical Tables, 

For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 
prefixed a Treatise on Logarithms. By H. Law, C.E. Together with a 
Series of Tables for Navigation and Nautical Astronomy. By Professor J. 
R. Young. New Edition 4/0 

Masting, Mast-Making, and Rigging of Ships. 

Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes, 
&c., relative to every class of vessels. By Robert Kipping, N.A. . 2/0 

Sails and Sail-Making. 

With Draughting, and the Centre of Effort of the Sails. By Robert 
Kipping, N.A 2/6 

Marine Bngines and Steam Vessels. 

By R. Murray, C.E. Eighth Edition, thoroughly revised, with Addi- 
tions by the Author and by George Carlisle, C.E. . . . 4/6 

Naval Architecture: 

An Exposition of Elementary Principles. By James Peaks . . 3/6 

Ships for Ocean and River Senrice, 

Principles of the Construction of. By Hakon A. Sommerpeldt . t /6 

Atlas of Bngravings 

To Illustrate the above. Twelve large folding Plates. Royal 4to, cloth 7/6 

The Forms of Ships and Boats. 

By W. Bland. Ninth Edition, with numerous Illustrations and 
Models 1/6 



6 WEALES SCIENTIFIC AND TECHNICAL SERIES. 

ARCHITECTURE AND THE 

BUILDING ARTS. 
Constmctional Iron and Steel IHTork, 

As applied to Public, Private, and Domestic Buildings. By Francis 
Campin, CE 3/6 

Building Eistates: 

A Treatise on the Development, Sale, Purchase, and Management (rf Build- 
ing Land. By F. Maitland. Third Edition 2/0 

The Science of Building : 

An Elementary Treatise on the Principles of Constmctioii. By E. Wtnd- 
HAM Tarn, M.A. Lond. Fourth Edition 3/6 

Th« Art of Building : 

General Principles of Construction, Strength, and Use of Materials, Working 
Drawings, Specifications, &c. By Edward Dobson, M.R.I.B.A. . 2/0 

A Book on Building, 

Civil and Ecclesiastical. By Sir Edmund Beckett, Q.C (Lord Gkim- 
thorpb). Second Edition 4/6 

Dwelling-Houses (The Erection of), 

Illustrated by a Perspective View, Plans, and Sections of a Pair of Villas, with 
Specification, Quantities, and Estimates. By S. H. Brooks, Architect 2/6 

Ck>ttage Building. 

By C. Brucr Allen. Eleventh Edition, with Chapter on Economic Cot- 
tages for Allotments, by E. £. Allen, C.E 2/0 

AoousticB in Relation to Architecture and Building: 

The Laws of Sound as applied to the Arrangement of Buildings. By Pro- 
fessor T. Rogkr Smith, F.R. LB. A. New Edition, Revised . .1/6 

The Rudiments of Practical Bricklaying. 

General Principles of Bricklaying ; Arch Drawing, Cutting, and Setting \ 
Pointing ; Pavmg, Tiling, &c. By Adam Hammond. With 68 Woodcuts 

1/6 
The Art of Practical Brick Cutting and Setting. 

By Adam Hammond. With 90 Engravings 1/6 

Briclrarork : 

A Practical Treatise, embodying the General and Higher Principles of 
Bricklaying, Cutting and Setting ; with the Application of Geometry to Roof 
Tiling, &c. By F. Walker 1/6 

Bricks and Tiles, 

Rudimentary Treatise on the Manufacture of; containing an Outline of the 
Principles of Brickmaking. By E. Dobson, M.R.LB.A. Additions bv 
C. Tomlinson, F.R.S. Illustrated 3/0 

The Practical Brick and Tile Book. 

Comprising: Brick and Tile Making, by E. Dobson, M.Inst.CE.; 
Practical Bricklaying, by A. Hammond; Brick-cutting and Setting, 
by A. Hammond. 550 pp. with 270 Illustrations, half-botmd . . 6/0 

Carpentry and Joinery — 

Tmi Elementary Principies of Carpentry. Chiefly composed from the 
Standard Work of Thomas Tredgold, C.E. With Additions, and Trsatiss 
ON Joinery, by E. W. Tarn, M.A. Seventh Edition , . . 3/6 

OftFpentry and Joinery — Atlas 

Of 35 Plates to accompany and Illustrate the foregoing book. With 
Descriptive Letterpress. 4to 6/0 



WEALE'S SCIENTIFIC AND TECHNICAL SERIES. 7 
A Practical Treatise on Handrailing; 

Showing New and Simple Methods. By Geo. Collings. Second Edition 
Revised, including a Trbatisb on Stairbuilding. With Plates . 2/v 

Circular IBTork in Carpentry and Joinery. 

A Practical Treatise on Circular Work of Single and Double Cnnralm. 
By Georgb Collings. Third Edition 2/S 

Roof Carpentry: 

Practical Lessons in the Framing of Wood Roofs. For the Use of WorkiM 
Carpenters. By Geo. Collings f^JQ 

The Construction of Roofs of Wood and Iron; 

Deduced chiefly from the Works of Robison, Tredgold, and Hnmber. Bv 
£. Wyndham Tarn, M. A., Architect. Third Edition . . •1/6 

The Joints Made and Used by Builders. 

By Wwill J. Christy, Architect. With z6o Woodcuts • 3/0 

Shoring 

And its Application : A Handbook for the Use of Students. By GsoBOB 
H. Blagrove. With 31 Illustrations 1/6 

The Timber Importer's, Timber Merchant's, and 
Builder's Standard Guide. 

By R. E. Granoy 210 

Plumbing : 

A Text-Book to the Practice of the Art or Craft of the Plumber. WiA 
Chapters upon House Drainage and Ventilation. By Wm. Paton Buchah. 
Eighth Edition, Re-written and Enlarged, with 500 Illustrations . 3/6 

Ventilation : 

A Text Book to the Practice of the Art of Ventilating Buildings. By W. P. 
BucHAN, R.P., Author of " Plumbing," &c. With 170 Illustraticms 3/6 

The Practical Plasterer: 

A Compendium of Plain and Ornamental Plaster Work. By W. Kbmp 2/0 

House Painting, Graining, Marbling, & Sign Writing. 

With a Course of Elementary Drawing, and a Collection of Useful Receipts. 
By Ellis A. Davidson. Eighth Exlition. Coloured Plates . . o/O 

*»* TAe above i in cloth boards^ strongly boundf 6/0 

A Grammar of Colouring, 

Applied to Decorative Painting and the Arts. By Gborgb Field. N«w 
Edition, enlarged, by Ellis A. Davidson. Widi Coloured Plates . 3/0 

Elementary Decoration 

As applied to Dwelling Houses, &c By Jambs W. Facby. Illastrated 2/0 

Practical House Decoration. 

A Guide to the Art of Ornamental Painting, the Arrangement of Colours hk 
Apartments, and the Principles of Decorative Design. By Jambs W. Facbt. 

2/6. 

*«* The last two Works in One handsome Vol.^ half -bounds entitled " HOUSB 
Dbcoration, Elementary and Practical," /'^'f* 6/0 

Portland Cement for Users. 

By Henry Faija, A.M.Inst.C.E. Third Edition, Corrected . . 2/Q 

Limes, Cements, Mortars, Concretes, Mastics, PUuh 
tering, &c. 

By G. R. BuRNBLL C.E. Fifteenth Edition 1 
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Mmmamrj and Stone-Cnttinjf. 

The Principles of Masonic Projection and their application to Construction. 
ByEDWASD DoBSON, M.R.I.B.A. 2/6 

Arohes, Pi«FS, Buttresses, fto.: 

Experimental Essays on the Principles of Constmctioo. By W. Blahd. 

Qiuuitities and Measurements, 

In Bricklayers', Masons', Plasterers', Plumbers', Painters', Paperhangers'. 
Gilders', Smiths', Carpenters* and Joiners' Work. By A. C Bkaton 1 /6 

The Complete Measurer: 

Setting forth the Measurement of Boards, Glass, Timber and Stone. By R. 
HoKTON. Sixth £diti<m 4>/0 

*«* TJk£ mbave^ strongly hound in Umther^ price 6/0* 

la^t: 

An Introduction to the Science of Optics. Designed for the Use of Students 
of Architecture, Engineering, and other Applied Sciences. By E Wynd- 
HAM Takn, M.A., Author of " The Science of Building," &c. . .1/6 

Hints to Yountf Architects. 

By Gborgb Wightwick, Architect. Sixth Edition, revised and enlarged 
by G. HusKissoN Guillaumb, Architect 3/6 

JLrohiteoture— Orders : 

The Orders and their iEsthetic Prindples. By W. H. Lbbds. Illustrated. 

1/6 
Architeoture—Styles ; 

The History and Description of the Styles of Architecture of Various 
Countries, from the Elarliest to the Present Period. By T. Talbot Bury, 
F.R.I.B.A. Illustrated 2/0 

%* Orders and Styles op Architecture, in One VoL^ 3/6* 

JLrohiteoture— Desi^ : 

The Principles of Design in Architecture, as deducible from Nature and 
exemplified in the Works of the Greek and Gothic Architects. By £dw. 

Lacy Garbett, Architect. Illustrated 2/6 

•«* The three preceding IVorks in One handsome VoL^ half bounds entitled 
"Modern Architecture," /ru:/ 6/0* 

Perspeotive for Beginners. 

Adapted to Young Students and Amatetus in Architecture, Painting, &c. 
By George Pvnb 2/0 

Architectural Modelling in Paper. 

By T. A. Richardson. With Illustrations, engraved by O. Jewitt 1 /6 

Glass Staining, and the Art of Painting on Glass. 

From the German of Dr. Gessert and Emanuel Otto Frombbrg. With 
an Appendix on The Art op Enamelling 2/6 

VitruTius— The Arohiteoture of. 

In Ten Books. Translated from the Latin by Joseph Gwilt, F.S.A.. 
F.R.A.S. With 23 Plates Qjf} 

N.B.—This is the only Edition e/^ViTRUvius procurable ni « moderate price, 

Qhfeoian Arohiteoture, 

An Inquiry into the Principles of Beauty in. With an Historical View of the 
Rise and Progress of the Art in Greece. By the Earl op Aberdeen 1 /Q 

%* The two preceding Works in One handsome Vol., half bound, entitled 
" Ancient Architecture," price 6/0* 
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INDUSTRIAL AND USEFUL ARTS. 
Gements, Pastes, Glues, and Gums. 

A Practical Guide to the Manufacture and Application of the various 
Agglutinants required for Workshop, Laboratory, or Office Use. With 
upwards ofooo Recipes and Formulae. By H. C. Standagb . . 2/0 

Clocks and Watches, and Bells, 

A Rudimentary Treatise on. By Sir Edmund Beckbtt, Q.C. (Lord 
Grimthorpe). Seventh Edition 4/6 

The Goldsmith's Handbook. 

Containing full Instructions in the Art of Alloying, Melting, Reducing, 
Colouring, Collecting and Refining, Recovery of Waste, Solders, Enamels, 
&c., &c. By Georgb E. Geb. Fifth Edition 3/0 

The Silversmith's Handbook, 

On the same plan as the Goldsmith's Handbook. By G. E. Gbr. 3/0 
*,* The last two IVorks, in One handsome Vol. , hal/'boundy 7/0« 

The Hall-Marking of Jewellery. 

Comprising an account of all the different Assay Towns of the United 
Kingdom; with the Stamps and Laws relating to the Standards and Hail- 
Marks at the various Assay Offices. By George £. Geb . . 3/0 

French Polishing and SSnamelling. 

A Practical Work of Instruction, including numerous Recipes for making 
Polishes, Varnishes, Glaze-Lacquers, Revivers, &c. By R. Bitmead. 

Uust Published. 1 /6 

Praotioal Organ Building. 

By W. E. Dickson, M.A. Second Edition, Revised, with Additions 2/6 

Coaoh-Building : 

A Practical Treatise. By James W. Burgess. With 57 Illustrations 2/6 

The Cabinet-Maker's Guide 

t To the Entire Construction of Cabinet-Work. By R. Bitmead. 

{Just Published, 2/6 

The Brass Founder's Manual: 

Instructions for Modelling, Pattern Making, Moulding, Turning, &c. By 
W. Graham 2/0 

The Sheet-Metal IBTorker's Guide. 

A Practical Handbook for Tinsmiths, Coppersmiths, Zincworkers, &c., vrith 
46 Diagrams. By W. J. E. Crane. Third Edition, revised . .1/6 

Sewing Machinery: 

Its Construction, History, &c. With full Technical Directions for Adjust- 
ing, &c. ByJ. W. Urquhart, CE 2/0 

Gas Fitting: 

A Practical Handbook. By John BlacKi New Edition . .2/6 

Construction of Door Locks. 

From the Papers of A. C. Hobbs. Edited by C. Tomlinson, F.R.S. 2/6 

The Model liocomotive Bngineer, Fireman, and 
Bngine-Boy. 

By Michael Reynolds 3/6 

The Art of Letter Painting made Basy. 

By J. G. Badenoch. With 12 full-page Engravings of Examples . 1 /6 

The Art of Boot and Shoemaking. 

Including Measurement, Last-fitting, Cutting-out, Closing and Making. By 
John Bedford Leno. With numerous Illustrations. Fourth Edition 2/0 

Mechanical Dentistry: 

A Practical Treatise on the Construction of the Various Kinds of Artifipial 
Dentures. By Charles Hunter. Fourth Edition . . . 3/0 

Wood Bngrairing: 

• A Practical and Easy Introduction to the Art. By W. N. Brown . 1 /6 

Ijaundry Management. 

A Handbook for Use in Private and Public Laundries. By the Editor of 
"The Laundry Journal." 2/0 
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AGRICULTURE, GARDENING, ETC. 
Draining and Bmbanking: 

A Practical Treatise. By Prof. John Scott. With 68 lUustrationi t /6 

Irrigation and IflTater Supply: 

A Practical Treatise on Water Meadows, Sewage Irrigation, Warping, ftc.; 
on the Construction of Wells, Ponds, Reservoirs, &c. By Prof. John 
Scott. With 34 Illustrations \IQ 

Farm Roads, Fences, and Gates: 

A Practical Treatise on the Roads, Tramways, and Waterways of the 
Farm ; the Principles of Enclosures ; and the different kinds (m Fences, 
Gates, and Stiles. By Prof. John Scott. With 75 Illustrations . 1 /6 

Farm Buildings: 

A Practical Treatise on the Buildings necessary for various kinds of Farms, 
their Arrangement and Construction, with Plans and Estimates. By Prof. 
John Scott. With 105 Illustrations 2/0 

Bam Implements and Machines : 

Treating of the Application of Power and Machines used in the Threshing- 
bam, Stockyard, Dairy, &c. By Prof. J. Scott. With 123 Illustrations. 

2/0 
Field Implements and Machines: 

With Principles and Details of Construction and Points of Excellence, their 
Management, &c. By Prof. John Scott. With 138 Illustrations 2/0 

A^icultural Surveying: 

A Treatise on Land Surveying 

for Valuing Elstates. By Prof. J. Scott. With 6a Illustrations . 1 /6 



A Treatise on Land Surveying, Levelling, and Setting-out ; with Directions 
- - Prof.  ~ 



Farm Bngineering. 

By Professor John Scott. Comprising the above Seven Volumes in One, 
1,150 pages, and over 600 Illustrations. Half-bound . . . 12/0 

Outlines of Farm Management. 

Treating of the General Work of the Farm *, Stock ; Contract Work ; 
Labour, &c. By R. Scott Burn 2/6 

Outlines of I^anded Estates Management. 

Treating of the Varieties of Lands, Methods of Farming, Setting-out of 
Farms, Roads. Fences, Gates, Drainage, &c. By R. Scott Burn . 2/6 

*#* Tkt above Ttvo Vols, in One^ handsomely hal/'bound^ Price 6/0 

Boils, Manures, and Crops. 

(Vol. I. Outlines op Modern Farming.) By R. Scott Bukn . 2/0 

Farming and Farming Economy. 

(Vol II. Outlines of Modern Farming.) By R. Scott Bukn 3/0 

Btook: Cattle, Sheep, and Horses. 

(Vol. III. Outlines ok Modern Farming.) By R. Scott Bukn 2/6 

Dairy, Pigs, and Poultry. 

(Vol. IV. Outlines of Modern Farming.) By R. Scott Burn 2/0 

Utilization of Semrage, Irrigation, and Beolamation 
of IBTaste Land. 

(Vol. V. Outlines of Modern Farming.) By R. Scott Burn . 2/6 

Outlines of Modern Farming. 

By R. Scott Burn. Consisting of the ahove Five Volumes in One, 1 

1,350 pp., profusely Illustrated, half-bound .... 1 2/0 
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Book-keepin|f for Farmers and Estate Owners. 

A Practical Treatise, presenting, in Three Plans, a System adapted for all 
classes of Farms. By J. M. Woodman. Third Edition, revised . 2/6 

Ready Reckoner for the Admeasurement of I^and. 

By A. Arman. Fourth Edition, revised and extended by C. Norris 2/0 

Miller's, Com Merchant's, and Farmer's Readj 
Reckoner. 

Second Edition, revised, with a Price List of Modem Floor Mill Machinery, 
by W. S. HuTTON, C.E 2/0 

The Hay and Stranv Measurer. 

New Tables for the Use of Auctioneers, Valuers, Farmers, Hay and Straw 
Dealers, &c. By John Steele 2/0 

Meat Production. 

A Manual for Producers, Distributors, and Consumers of Butchers' Meat. 
By John Ewart 2/6 

Bheep : 

The History, Structure, Economy, and Diseases of. By W. C. Spoonbx, 
M.R.V.S. Fifth Edition, with fine Engravings 3/6 

Market and Kitchen Gardening. 

By C. W. Shaw, late Editor of "Gardening Illustrated" . . . 3/0 

Kitchen Gardening Made Rasy. 

Showing the best means of Cultivating every known Vegetable and Herb, 
&c., with directions for management all the year round. By George M. F. 
Glbnny. Illustrated 1/6 

Cottage Gardening: 

Or Flowers, Fruits, and Vegetables for Small Gardens. By E. Hobday. 

1/6 

Garden Receipts. 

Edited by Charles W. Quin .••••••• 1 /6 



Fruit Trees, 

The Scientific and Profitable Culture of. From the French of M. Du 
Brbuil. Fifth Edition, carefully Revised by George Glenny. With 
187 Woodcuts 3/6 

The Tree Planter and Plant Propagator : 

With numerous Illustrations of Grafting, Layering, Budding, Implements, 
Houses, Pits, &c. By Samuel Wood 2/0 

The Tree Pruner: 

A Practical Manual on the Pruning of Fruit Trees. Shrubs, Climbers, and 
Flowering Plants. With numerous Illustrations. By Samuel Wood 1 /S 

*«* Th* ahove Two Vols, in Ofu, handsomely kalf-boundy prict 3/6 

The Art of Grafting and Budding. 

By Charles Baltbt. With Illustrations 2/6 
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MATHEMATICS, ARITHMETIC, ETC. 
Desoriptiire Geometry, 

An Elementary IVeatise on ; with a Theory of Shadows and of Perspective, 
extracted from the French of G. Monge. To which is added a Description 
of the Principles and Practice of Isometrical Projection. By J. F. Heather, 
M.A. With 14 Plates 2/0 

Practical Plane Geometry: 

Giving the Simplest Modes of Constructing Figures contained in one Plane 
and Geometrical Construction of the Ground. By J. F. Heather, M.A. 
With 215 Woodcuts 2/0 

Analytical Geometry and Conic Sections, 

A Rudimentary Treatise on. By James Hann. A New Edition, re- 
written and enlarged by Professor J . R. Young .... 2/0 

Buolid (The Elements of). 

With many Additional Propositions and Explanatory Notes; to which is 
prefixed an Introductory Essay on Logic. By Henry Law, C.E. . 2/6 

*»* Sold also sefiarateht viz: — 
Enclid. The First Three Books. By Henry Law, C.E. . . .1/6 
Buclid. Books 4, 5, 6, XI, 12. By Henry Law, CE. . • .1/6 

Plane Trigonometry, 

The Elements of. By James Hann. 1 /Q 

Spherical Trigonometry, 

The Elements of. By James Hank. Revised by Charles H. Dow- 
ling, CE 1/0 

\» Or with " The Elements 0/ Plane Trigonometry," in One Volume ^ 2/6 

Differential Calculus, 

Elements of the. By W. S. B. Woolhouse, F.R.A.S., &c . .1/6 

Integral Calculus. 

By Homersham Cox, B.A. 1/3 

Algebra, 

The Elements of. By Jambs Haddon, M.A. With Appendix, containing 
Miscellaneous Investigations, and a Collection of Problems . . 2/0 

A Key and Companion to the Above. 

An extensive Repository of Solved Examples and Problems iu Algebra. 
By J. R. Young 1 /S 

Commercial Book-keeping. 

With Commercial Phrases and Forms in English, French, Italian, and 
German. By James Haddon, M.A 1/3 

Arithmetic, 

A Rudimentary Treatise on. With full Explanations of its Theoretical 
Principles, and numerous Exampleis for Practice. For the Use of Schools 
and for Self-Instruction. By J. R. Young, late Professor of Mathematics 
in Belfast College. Thirteenth Edition 1/6 

A Key to the Aboire. 

By J. R. Young 1/6 

ESquational Arithmetic, 

Applied to Questions of Interest, Annuities, Life Assurance, and General 
Commerce ; with various Tables by which all Calculations may be greatly 
facilitated. By W. Hipslev 1/6 

Arithmetic, 

Rudimentary, for the Use of Schools and Self-Instruction. By James 
Haddon, M.A. Revised by Abraham Arm an . . . •1/6 

A Key to the Aboire. 

y A. Arman i 1/6 



% 
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Mathematioal Instruments: 

Their Construction, Adjustment, Testing, and Use concisely Explained. 
By j. F. Hbathbk, M.A., of the Royal Military Academy, Woolwich. 
Fourteenth Edition, Revised, with Additions, by A. T. Walmislby, 
M.I.C.E. Orijdnal Edition, in x vol., Illustrated .... 2/0 

*»* In orderifif^ the abffue^ he careful to say ^* Original Edition** or give the 
number in the Series (32), to distinguish it front the Enlarged Edition in 
3 vols, {as follows) — 

Draving and Measuring Instruments. 

Including — I. Instruments employed in Geometrical and Mechanical Draw* 
ing, and in the Construction, Copying, and Measurement of Maps and 
Plans. II. Instruments used for the purposes of Accurate Measurement, 
and for Arithmetical Computations. By J. F. Hbathbr, M.A. . 1 /6 

Optical Instruments. 

Including (more especially) Telescopes, Microscopes, and Apparatus for 

Producing copies of Maps and Pians by Photography. By J. F. Hbathbr^ 
(.A. Illustrated 1/6 

Surveying and Astronomical Instruments. 

Includini^ — I. Instruments used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments employed in Astronomical Ob- 
servations. By J. F. Hbathbr, M.A. Illustrated. . . .1/6 

%• The ahove three volumes form an enlargement of the Author* s original work, 
" Mathematical Instruments ^*' price 2/0* {Described at top of page.) 

Mathematical Instruments : 

Their Construction, Adjustment, Testing and .Use. Comprising Drawing, 
Measuring, Optical, Surveyin|;, and Astronomical Instruments. By J. F. 
Hbathbr, M.A. Enlarged Edition, for the most part entirely re-wntten. 
The Three Parts as above, in One thick Volume 4/6 

The Slide Rule, and Homr to Use It. 

Containing full, easy, and simple Instructions to perform all Business Cal- 
culations with unexampled rapidity and accuracy. By Charlbs Hoarb, 
C.E. With a Slide Rule, in tuck of cover. Seventh Edition . . 2/6 

Logarithms. 

With Mathematical Tables for Trigonometrical, Astronomical, and Nautical 
Calculations. By Henrv Law, C.El. Revised Edition . . . 3/0 

Oompound Interest and Annuities (Theory of). 

With Tables of Logarithms for the more Difficult Computations of Interest, 
Discount, Annuities, &c., in ail their Applications and Uses for Mercantile 
and State Purposes. By Fbdor Thoman, Paris. Fourth Edition . 4/0 

Mathematical Tables, 

' For Trigonometrical, Astronomical, and Nautical Calculations ; to which is 
prefixed a Treatise on Logarithms. By H. Law, C.E. logether with a 
series of Tables for Navigation and Nautical Astronomy. By Professor J. 
R. Young. New Edition 4/0 

Mathematics, 

As applied to the Constructive Arts. By Francis Campin, C.E., &c 
Third Edition 3/0 

Astronomy. 

By the late Rev. Robert Main, F.R.S. Third Edition, revised and coi^ 
x«cted to the Present Time. By W. T. Lynk, F.R.A.S. . . . 2/0 

Statics and Dynaniics. 

The Principles and Practice of. Embracing also a clear development of 
Hydrostatics, Hydrodynamics, and Central Forces. By T. Bakbr, CF. 
Tourth Edition 179 
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BOOKS OF REFERENCE AND 

MISCELLANEOUS VOLUMES. 

EL Dictionary of Painters, and Handbook for Picture 
Amateurs. 

Being a Guide for Visitors to Public and Private Picture Galleries, and for 
Art-Students, including Glossary of Terms, Sketch of Principal Schools of 
Painting, &c. By Philippe Daryl, B.A. 2/6 

Paintintf Popularly Explained. 

By T. J. GuLLiCK, Painter, and John Timbs, F.S.A. Including Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, Tempera Encaustic, Miniature, 
Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c. Sixth Edition 5/0 

A Dictionary of Terms used in Architecture, Build- 
ing, Bngineering, Mining, Metallurgy, Archsd- 
ology, the Fine Arts, &c. 

ByJOHNWsALS. Sixth Edition. Edited by R. Hunt, F.R.S. . 6/0 

Music : 

A Rudimentary and Practical Treatise. With numerous Examples. By 
Charles Child Spencer 2/o 

Pianoforte, 

The Art of Playing the. With numerous Exercises and Lessons. By 
Charles Child Spencer 1/6 

The House Manager. 

J A Guide to Housekeeping, Cookery, Pickling and Preserving, Household 
Work, Dairy Management, Cellarage of Wines, Home-brewing and Wine- 
making, Gardening, &c. By An Old Housekeeper . . 3/6 

Manual of Domestic Medicine. 

By R. Gooding, M.D. Intended as a Family Guide in all cases of 
Accident and Emergency. Third Edition, carefully revised . . 2/0 

Management of Health. 

A Manual of Home and Personal Hygiene. By Rev. Jambs Baird 1 /Q 

natural Philosophy, 

For the Use of Beginners. By Charles Tomlinson, F.R.S. . '1/6 

The ESlementary Principles of Blectric Ijighting. 

By Alan A. Campbell Swinton, M.Inst.C.E., M.I.E.E. Fourth 
Edition, Revised [/usi Published 1 /6 

The ESlectric Telegraph, 

lU History and Progress. By R. Sabinb, CE., F.S.A., &c. . . 3/0 

Handbook of Field Fortification. 

By Major W. W. Knollvs, F.R.G.S. With 163 Woodcuts . . 3/0 

I^ogic, 

Pure and Applied. By S. H. Emmbns. Third Edition . . • 1 /6 

ItfOoke on the Human Understanding, 

Selections from. With Notes by S. H. Emmbns . . • .1/6 

The Compendious Calculator 

{Intuitive Caiculations). Or E^sy and Concise Methods of Performing the 
various Arithmetical Oi>erations required in Commercial and Busmess 
Transactions ; tot^ether with Useful Tables, &c. By Daniel O'Gokman. 
Twenty-seventh Edition, carefully revised by C. Norkis . . . 2/6 
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.Measures, Weights, and Moneys of all Nations. * 

With an Analysis of the Christian, Hebrew, and Mahometan Calendars. 
By W. S. B. WooLHOUSE, F.R.A.S., F.S.S. Seventh Edition . 2/6 

Grammar of the English Tongue, 

Spoken and Written. With an Introduction to the Study of Comparative 
Philology. By Hydb Clarke, D.C.L. Fifth Edition. . . ; 1/6 

Dictionary of the English Language. 

As Spoken and Written. Containing above zoo,ooo Words. By Hvdb 

Clakkb, D.CL 3/6 

CompUU with the Grammar, 6/6 

Composition and Punctuation, 

Familiarly Explained for those who have neglected the Study of Grammar. 
By Justin Brenan. i8th Edition. • 1/6 

French Grammar. 

With Complete and Concise Rules on the Genders of French Notins. By 
G. L. Strauss, Ph.D 1/6 

English-French Dictionary. 

Comprising a large number of Terms used in Engineering, Mining, &c. 
By Alfred Elwes 2/0 

French Dictionary. 

In two Parts — I. French-English. II. English- French, complete in 

One Vol 3/0 

*«* Or with the Grammar, 4/6* 

French and English Phrase Book. 

Containing Introductory Lessons, with Translations, Vocabularies of Words. 
Collection of Phrases, and Easy Familiar Dialogues . . . •1/6 

German Grammar. 

Adapted for English Students, from Heyse's Theoretical and Practical 
Grammar, by Dr. G. L. Strauss 1/6 

German Triglot Dictionary. 

By N. E. S. A. Hamilton. Part I. German-French-English. Part II. 
English-German-French. Part III. French-German-English . . 3/0 

German Triglot Dictionary. 

(As above). Together with German Grammar, in One Volume . 6/0 

Italian Grammar. 

Arranged in Twenty Lessons, with Exercises. By Alfred Elwbs. 1 /6 

Italian Triglot Dictionary, 

Wherein the Genders of all the Italian and French Nouns are carefully 
noted down. By Alfred Elwes. Vol I. Italian-English-French. 2/6 

Italian Triglot Dictionary. 

By Alfred Elwbs. VoL II. English-French-Italian . . . 2/6 

Italian Triglot Dictionary. 

By Alfred Elwes. Vol. III. French-Italian-English . . . 2/6 

Italian Triglot Dictionary. 

(As above). In One Vol 7/Q 

Spanish Grammar. 

In a Simple and Practical Form. With Exercises. By Alfred Elwbs 1 /6 

Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering^ 
&c., with the proper Accents and the Gender of every Nona. By Alprbd 

Elwbs 4/A 

♦,* Or wiik th€ Grammar, 6/0- 
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Portugese Orammap, 

In a Simple and Practical Form. With Exercises. By Alprbo Elwes 1 /Q 

Portugese -English and Bnglish- Portuguese Dic- 
tionary. 

Including a large number of Technical Terms used in Mining, Engineering, 
&c., with the proper Accents and the Gender of every Noun. By Alfred 

Elwes. Third Edition, revised 6/0 

\* Or with the Grammar, 7/0< 

Animal Physics, 

Handbook of. By Dionysius Lardner, D.CL. With 590 Illustrations. 

In One Vol. (732 pages), cloth boards 7/6 

%* Sold also in Two Parts^ as follows l — 
Animal Physics. By Dr. Lardnbr. Part I., Chapters I. — ^VII. 4/0 
Animal Physics. By Dr. Lardnbr. Part II., Chapters VIII.— XVIII. 

3/0 
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MECHANICAL ENGINEERING, &c. 



THE MECHANICAL ENQINEER'5 POCKET-BOOK. 

Comprising Tables, Formulae, Rules, and Data : A Handy Book of Reference 
for Daily Use in Engineering Practice. By D. Kinnear Clark, M. Inst. C.E., 
Fourth Edition. Small 8vo, 700 pp., bound in flexible Leather Cover, rounded 
comers 6/0 

summary of contents :— mathematical tables.— measurement of sur- 
faces and solids.— english and foreign weights and measures.- moneys.— 
specific gravity, weight, and volume.— manufactured metals.— steel pipes. 
— bolts and nuts. — sundry articles in wrought and cast iron, copper, 

brass, lead, tin, zlnc— strength of timber strength of cast iron.— 

strength of wrought iron.— strength of steel.— tensile strength of 
copper, lead, &c.— resistance of stones and other building materials.— 
Riveted Joints in Boiler Plates.— Boiler Shells.— Wire Ropes and Hemp 
Ropes.— Chains and Chain Cables.— Framing.— Hardness of Metals, Alloys, and 
Stones.— Labour of animals.— Mechanical Principles.— Gravfty and Fall of 
Bodies.— accelerating and Retarding Forces.— Mill Gearing, Shafting, &c.— 
Transmission of motive Power.— Heat.— Combustion : Fuels.— Warming, Venti- 

I-ATION, cooking STOVES.— STEAM.—STEAM ENGINES AND BOILERS.- RAILWAYS.— 

Tramways.— Steam Ships.— pumping Steam Engines and Pumps.— Coal Gas, Gas 
Engines, &c.— Air in motion.— Compressed Air.— Hot Air Engines.— Water 
power.— Speed of CuttinG'Tools.— Colours.— Electrical Engineering. 

" Mr. Clark manifests what is an innate perception of wliat is likely to be useful in a pocket* 
book, and he is reaHy unrivalled in the art of condensation. It is very difficult to bit upon any 
mechanical engineering subject concerning which this work supplies no information, and the 
excellent index at the end adds to its utili^. In one word, it is sm exceedingly handy and efficient 
tool, possessed of which the engineer will be saved many a wearisome calculation, or yet more 
wearisome hunt through various text-books and treatises, and, as such, we can heartily recommend 
it to our readers."— T'A^ Engineer. 

" It would be found difficult to compress more matter within a similar compass, or produce a 
book of 6^ pages which should be more compact or convenient for pocket reference. . . . Will 
be appreciated by mechanical engineers of all classes."— iVacMoi/ Engineer. 
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MR. MUTTON'S PRACTICAL HANDBOOKS. 



THE WORKS' MANAOER'5 HANDBOOK. 

Comprising Modern Rules, Tables, and Data. For Eneinetri, Millwrights, 
and Boiler Makers ; Tool Makers, Machinists, and Metal Workers ; Iron and 
Brass Founders, &c. By W. S. Hutton, Civil and Mechanical Engineer, 
Author of "The Practical Engineer's Handbook." Sixth Edition, carefully 
Revised, with Additions. In One handsome Volume, medium 8vo, strongly 
bound. [Just Published. 1 6/0 

W^^ Tht Author having compiled RuUs and Data for his own use in a great 
variety of modem engineering work, and having found his notes extremely useful, 
decided to publish them — revtsed to date — believing that a practical work, suited to 
the DAILY REQUIREMENTS OF MODERN ENGINEERS, would DC favourobly received, 

" Of this edition we may repeat the aporeciative remarks we made upon the first and third. 
Since the appearance of the latter very considerable modifications have been made, althoug^h ttie 
total number of pagres remains almost the same. It is a very useful collection of rules, tables, and 
workshop and drawing office data."— rA« Engineer, >Iay zo, X89C 

" The author treats every subject from the point of view of one who has collected workshop 
notes for application in workshop practice, rather than from the theoretical or literary aspect. The 
volume contains a great deal of that kind of information which is gained only by practical experience, 
and is seldom written in books."— 7*A* Enginur, June 5, i88<. 

" The volume is an exceedingly useful one, brimful with engineer's notes, memoranda, and 
rules, and well worthy of being on every mechanical engineer's bx>kshel£"— Af^cAontra/ World, 

" The information is precisely that likely to be reauired in practice. . . . The work forms 
a desirable addition to the libraiy not only of the worlcs' manager, but of any one connected with 
general en^eering."— ^I'ntMtr youmaU 

" BrmiAil of useful information, stated hi a concise form, Mr. Button's books have met a 
pressing want among engineers. The book must prove extremely useful to every practical maa 
possesdog a ctypy."— Practical Enginter. 

THE PRACTICAL ENQINEER'5 HANDBOOK. 

Comprising a Treatise on Modem Engines and Boilers, Marine, Locomotive, 
and Stationary. And containing a lar^e collection of Rules and Practical 
Data relating to Recent Practice in Designing and Constructing all kinds of 
Engines, Boilers, and other Engineering work. The whole constituting a com* 
prenensive Key to the Board of Trade and other Examinations for Certificates 
of Competency in Modem Medianical Engineering. By Walter S. Hutton, 
Civil and Mechanical Engineer, Author of "The Works' Manager's Handbook 
for Engineers," &c. With upwards of 370 Illustration.^. Fifth Edition, 
Revised with Additions. Medium 8vo, nearly 500 pp., strongly bound. 

[Just Published. 18/0 

B9* This Work is designed as a companion to the Author's "Works' 
Manager's Handbook." It possesses many new and original features, and con- 
tains, like its predecessor, a quantity of matter not originally intended for publication 
but collected by the Author for his own use in the construction of a great variety of 
Modern Engineering Work. 

The information is given in a condensed and concise form, and is illustrated by 
upwards of 370 Woodcuts ; and comprises a quantity of tabulated matter of great 
value to all engaged in designing, constructing, or estimating for Engines, Boilers, 
and OTHBJi Engineering Work. 

"We have kept it at hand«for several weeks, referring to it as occasion arose, and we have not 
on a single occasion consulted its pages without finding the information of which we were in quest." 
—Athenaunt. 

" A thoroughly good practical handbook, which no engineer can go through without learning 
something that will be of service to YAia."— Marine Engineer. 

" An excellent book of reference for engineers, and a valuable text-book for students of 
engineering." — Scotsman. 

" This valuable manual embodies the results and experience of the leading authorities on 
mechanical engineering."— ^»t7<ft>f^ News. 

" The author has collected together a surpridng quantity of rules and practical data, and has 
shown much Judgment in the selections he has made. . . . There is no doubt that this book Is 
one of the most useful of its kind published, and will be a very popular compendium."— Engineer. 

" A mass of information set down in simple language, and in such a form that it can be easily 
referred to at any time. The matter is uniformly good and well chosen, and is greatly elucidated 
by the illustrations. The book will find its way on to most engineers' shelves, where it will rank as 
one of the most useful books of reference."— Practical Engineer. 

" Full of useful information, and should be found on the ofiice shelf of all practical engineers " 
—English Mechanic. 
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MR. HUTTON'8 PRACTICAL HAUDBOOKS-conHnu$d. 



5TEAM BOILER CONSTRUCTION. 

A Practical Handbook for Engineers, Boiler-Makers, and Steam Users. 

Containing a large Collection of Rules and Data relating to Recent Practice 

in the Design, Construction, and Working of all Kinds of Stationary, LocO' 

motive, and Marine Steam-Boilers. By Walter S. Hutton, Civil and 

Mechanical Engineer, Author of "The Works' Manager's Handbook," "The 

Practical Engineer's Handbook," &c. With upwards of 500 Illustrations. 

Third Edition, Revised and much Enlarged, medium 8vo, cloth . . 1 8/0 

10^^ This Work is issued in continuation of the Series of Handbooks written 

by the A uthor, vix. : — "The Works' Manager's Handbook " and " The Practical 

Engineer's Handbook," which are so highly appreciated by engineers for the 

practical nature of their information ; and is consequently written in the same style 

as those works. 

The Author believes that the concentration, in a convenient form for easy 
reference, of such a large amount of thoroughly practical in/ormatum on Steam- 
Boilers, ttfiU be of considerable service to those for whom it is intended, and he trusts 
the book may be deemed worthy of as favourable a reception as has been accorded to 
its predecessors. 

" One of the best, if not the best, books on boilers that has ever been published. The infor- 
mation is of the neht kind, in a simple and accessible form. So far as generation is concerned, this 
is, undoubtedly, the standard book on steam practice." — Electrical Review. 

" Every detail, both in boiler design and management, is clearly laid before the reader. The 
volume shows that boiler construction has been reduced to the condition of one of the most exact 
sciences ; and such a book is of the utmost value to thejfn tU siecle Engineer and Works Manager." 
^-Marine Engineer. 

" There has long been room for a modem handbook on steam boilers ; there is not that room 
now, because Mr. Hutton has filled it. It is a thoroughly practical book for those who are occupied 
in the construction, design, selection, or use of boilers." — jEngitteer. 

" The book is of so important and comprehensive a character that it must find its way into the 
libraries of every one interested in boiler using or boiler manufacture if they wish to be thoroughly 
informed. We strongly recommend the book for the intrinsic value of its contents."— Machinery 
MarJket. 

PRACTICAL MECHANICS' WORKSHOP COMPANION. 

Comprising a great variety of the most useful Rules and Formulae in Mechanical 
Science, with numerous Tables of Practical Data and Calculated Results for 
Facilitating Mechanical Operations. By William Templeton, Author of 
" The Engineer's Practical Assistant," &c., &c. Eighteenth Edition, Revised, 
Modernised, and considerably Enlarged by Walter S. Hutton, C.E., Author 
of "The Works' Manager's Handbook,'; "The Practical Engineer's Hand- 
book," &c. Fcap. 8vo, nearly 500 pp., with 8 Plates and upwards of 250 Illus- 
trative Diagrams, strongly bound for workshop or pocket wear and tear. 6/0 

" In its modernised form Hutton's ' Templeton ' should have a wide sale, for it contains much 
valuable information which the mechanic will often find of use, and not a few tables and notes which 
he might look for in vain in other works. This modernised edition will be appreciated by all who 
have feamed to value the original editions of ' Templeton.' " — English Mechanic. 

" It has met with great success in the engineering workshop, as we can testify ; and there are 
B great many men who, in a great measure, awe their rise in hfe to this little boolc" — BuUding 
Nfws. 

"This familiar text -book — well known to all mechanics and engineers— is of essential service 
to the every-dav requirements of engineers, millwrights, and the various trades connected with 
engineering anci building. The new modernised edition is worth its weight in gold."— J?Mt/i/(fi!f 
hiews. (Second Notice.) 

" This well-known and laigely-used book contains information, brought up to date, of the 
sort so useful to the foreman and draughtsman. So much fresh infonnation has been introduced as 
to constitute it practically a new book. It will be largely used in the office and workshop."— 
Mechanical World. 

"The publishers wisely entrusted the task of revision of this popular, valuable, and useful 
book to Mr. Hutton, than whom a more competent man they could not have found." — Iron, 



BNQINEER'S AND MILLWRIGHT'S ASSISTANT. 

A Collection of Useful Tables, Rules, and Data. By William Templeton. 
Eighth Edition, with Additions. iSmo, cloth ... . 2/6 

"Occupies a foremost place among books of this kind. A more suitable present to an 
apprentice to any of the mechanical trades could not possibly be made.'-^BuilMng News. 

A deservedly popular work. It sliould be in the ' drawer ' of every mechanic,"— English 
Mechanic, 
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THB MECHANICAL ENQINBER'5 REFERENCE BOOK. 

For Machine and Boiler Construction. In Two Parts. Part I. Gbnkkai. 
Engineering Data. Part II. Boiler Construction. With 51 Plates and 
numerous Illustrations. By Nelson Foley, M.I.N. A. Second Edition, 
Revised throughout and much Enlarged. Folio, half-bound, net . £3 3sa 

PART I.— Measures.— CiRCUMFBRRNCES and Areas, &c., Squares, Cubes, 
Fourth powers.— square and cube Roots.— Surface of Tubes.— Reciprocals.— 
LX)GARiTHMS. — Mensuration. — Specific Gravities and Weights.— work and 
Power. — Heat.— combustion.— expansion and contraction.— Expansion of 
Cases.— Steam.— Static Forces.— Gravitation and Attraction.— motion and 
Computation of Resulting Forces.— Accumulated Work.— centre and radius 
OF Gyration.- Moment of Inertia.— Centre of Oscillation.— ELECTRicrrY.— 
Strength of materials.— Elasticity.— Test Sheets of Metals.— Friction.— 
Transmission of power.— flow op Liquids.— flow of Gases.— Air Pumps, Surpacb 
Condensers, &c.— Speed of Stbamships.—Propellers.— Cutting Tools.— Flanges. 
—Copper Sheets and Tubes.— Screws, Nuts, Bolt Heads, &c.— Various Recipes 
AND Miscellaneous matter.— with DIAGRAMS for Valve-gear, Belting and 
Ropes, Discharge and Suction Pipes, screw Propellers, and copper Pipes. 

PART II.— Treating of Power of Boilers.— Useful Ratios.— Notes on 
Construction. — Cylindrical Boiler Shells. — Circular Furnaces. — Flat 

Plates.— Stays. — Girders Screws. — Hydraulic Tests. — Riveting. — Boilbk 

Setting, Chimneys, and mountings.— fuels, &c.— Examples of Boilers and Speeds 
OF Steamships.- Nominal and normal Horse power.— With DIAGRAMS for all 
Boiler Calculations and Drawings of many Varieties of Boilers. 

" Mr. Foley is well fitted to compile sach a work. . . . The diagrams are a neat featuve 
of the work. . . . Res^rdingf the whole work, it may be rery fairly stated that Mr. Foley has 
produced a volume which will undoubtedly fulfil the desire of the author and become indispensable 
to all mechanical engineers."— AfartiM Engineer. 

" We have carefully examined this work, and pronounce it a most excellent reference book 
for the use of marine engmeers.**- yi^wma/ q/" American Society q/ Naval Engineers, 

COAL AND SPEED TABLES. 

A Pocket Book for Engineers and Steam Users. By Nelson Foley, Author 
of " The Mechanical Engineer's Reference Book." Focket-size, cloth . 3/6 

TEXT-BOOK ON THE STEAM ENGINE. 

With a Supplement on Gas Engines, and Part II. on Heat Engines. By 
T. M. GooDEVB, M.A., Barrister-at-Law, Professor of Mechanics at the Royal 
College of Science, London ; Author of " The Principles of Mechanics," " The 
Elements of Mechanism," &c. Fourteenth Edition. Crown 8vo, cloth . d/Q 

" Professor Goodeve has given us a treatise on the steam engine which will bear comparison 
with anything written by Huxley or Maxwell, and we can awaid It no higher praise."— £;^'Mecr. 

ON OAS ENGINES. 

With Appendix describing a Recent Engine with Tube Igniter. By T. M. 

GooDEVE, M.A. Crown 8vo, cloth 2/6 

" Like all Mr. Goodeve's writings, the present is no exception in point of general exceUenoe. 
It Is a valuable little •hcAmxoa,"— Mechanical World. 

THE GAS-ENGINE HANDBOOK. 

A Manual of Useful Information for the Designer and the Engineer. By E. W. 
Roberts, M.E. With Forty Full-page Engravings. Small Fcap. 8vo, leather. 

\Ju%t Published. Net 8/6 

A TREATISE ON STEAM BOILERS. 

Their Strength, Construction, and Economical Working. By R. Wilson, C.E. 

Fifth Edition. i2mo, cloth 6/0 

"The best treatise that has ever been published on steam hoUers."— Engineer. 
" The author shows hunself perfect master of his subject, and we heartily recommend all 
employing steam power to possess themselves of the yrotk."—Jtyland's Iron Trade Circnlar, 

THE MECHANICAL ENGINEER'S COMPANION 

of Areas, Circumferences, Decimal Equivalents, in inches and feet, millimetres, 
sc^uares, cubes, roots, &c. ; Weights, Measiures, and other Data. Also Prac- 
tical Rules for Modem Engine Proportions. By R. Edwards. M.Inst.C.E. 
Fcap. 8vo, cloth. [Just Published, 3/6 

"A very useful little volume. It contains many tables, classified data and memoranda, 
generally useful to engineers." — Engineer. 

"What it professes to be, ' a handy oflBce companion,' giving In a succinct form, a variety of 
information likely to be required by engineers in their everyday office ^oxk."— Nature. 
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A HANDBOOK ON THE STEAM ENGINE. 

With especial Reference to Small and Medium-sized Engines. . ^ 

Engine Makers, Mechanical Draughtsmen, Engineering Students, ^ 
of Steam Power. By Herman Habdbr, C.E. Translated from the Germ&i. 
with considerable additions and,alterations, by H. H. P. Powles, A.M.I.C.E., 
M.I.M.E. Second Edition, Revised. With nearly z,ioo Illustrations. 
Crown 8vo, cloth 9/0 

" A perfect encyclopaedia of the steam eneine and its details, and one which must take a per* 
manent tdace in English drawing-offices and workshops."—^ Foreman Pattern-maker. 

" This is an excellent book, and should be in the hands of all who are Interested in the con> 
Stniction and design of medium-sized stationary engines. ... A careful study of its contents and 
the arrangement of the sections leads to the conclusion that there is probably no other book like it 
In this country. The volume aims at showing the results of practical experience, and it certainly 
may claim a complete achievement of this idea." — Nature. 

" There can be no Question as to its value. We cordiaUv commend it to all concerned in the 
design and construction oi the steam vof^ob."— Mechanical IVorld, 

BOILER AND FACTORY CHIMNEYS. 

Their Draught-Power and Stability. With a chapter on Lightning Conductors, 
By Robert Wilson, A.I.C.E., Author of "A Treatise on Steam Boilers," &c. 

Crown 8vo, cloth 3/6 

" A valuable contribution to the literature of scientific building."— 7*^^ Builder. 

BOILER MAKER'5 READY RECKONER & ASSISTANT. 

With Examples of Practical Geometry and Templating, for the Use of Platers, 
Smiths, and Riveters. By John Courtney, Edited by D. K. Clark, 
M.I.C.E. Third Edition, 480 pp., with 140 Illustrations. Fcap. 8vo . 7/0 
" No workman or apprentice should be without this book."— /row Trade Circular, 

REFRIQERATINQ & ICE-MAKINQ MACHINERY. 

A Descriptive Treatise for the Use of Persons Employing Refrigerating 
and Ice-Making Installations, and others. By A. J. Wallis-Tayler, 
A.-M. Inst. C.E. Second Edition, Revised and Enlarged. With Illustrations. 
Crown 8vo, cloth. [Just Ptiblishtd. 7/6 

"Practical, explicit, and profusely illustrated."— GAu^w Herald. 

" We recommend the book, which gives the cost of various systems and illustrations showing 
details of parts of machinerv and general arrangements of complete installations."— ^M*^r. 

" May be recommended as a useful description of the machinery, the processes, and of the 
facts, figures, and tabulated physics of refrigerating. It is one of the best compilations on the 
taX^vct^— Engineer. 

TEA MACHINERY AND TEA FACTORIES. 

A Descriptive Treatise on the Mechanical Appliances required in the Cultiva* 
tion of the Tea Plant and the Preparation of Tea for the Market. By A. J. 
Wallis-Taylbr, A.-M. Inst. C.E. Medium 8vo, 468 pp. With 21S 
Illustrations. [/usi Published. Net 25/0 

Summary of Contents :— Mechanical Cultivation or tillage of the 
Soil.— Plucking or Gathering the leaf.— Tea Factorirs.— The Dressing, 
Manufacture or Preparation of Tea by mechanical means.— Artificial 
Withering of the Leaf.— Machines for Rolling or Curling the leaf.— Fer- 
menting Process.— Machines for the automatic Drying or Firing of the 
LEAF.— Machines for Non-Automatic Drying or Firing of the Leaf.— Drying 
OR Firing Machines.— Breaking or Cutting, and Sorting Machines.— packing 
the tea.— Means of Transport on Tea Plantations.— Miscellaneous Machinery 
and Apparatus.— Final Treatment of the tea.— Tables and memoranda. 

"The suhiect of tea machinery is now one of the first interest to a lai^e class of people, to 
whom we strongly commend the volume." — Chamber of Commerce youmal. 

" When tea planting was first introduced into the British possessions little, if any, machinery 
was employed, but now its use is almost universal. This volume contains a very full account of the 
machinery necessary for the proper outfit of a factory, and also a description of the processes best 
carried out by this machinery."— ^^Mrwa/ Society 0/ Arts. 

ENQINEERINQ ESTIMATES, COSTS, AND ACCOUNTS. 

A Guide to Commercial Engineering. With numerous examples of Estimates 
and Costs of Millwright Work, Miscellaneous Productions, Steam Engines and 
Steam Boilers; and a Section on the Preparation of Costs Accounts. By 
A General Manager. Second Edition. 8vo, cloth. [Just Published. 12/0 

" This is an excellent and very useful book, covering subject-matter in constant rec^uisition in 
evwjr factory and workshop. . . . The book is invaluable, not only to the young engmeer, bat 
•bw to the estimate department of every vrovks."— Builder. 

" We accord the work unqualified praise. The information is given In a plain, straightforward 
manner, and bears throughout evidence of the intimate practical acquaintance of the author witii 
•vety phase of commercial engineering. --Mechanical IrorlA. 
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RIAL OR WIRE-ROPE TRAMWAYS. 

Their Construction and Management. ByA. J.Wallis-Tayler, A.M.Inst.C.E. 
With 8i Illustrations. Crown 8vo, cioth. [/«j/ Publisfud. 7IQ 

"This is in its way an excellent volume. Without ^oing into the minutiae of th« subject, it 
yet lays before its readers a very (^ood exposition of the various systems of rope transmission in use, 
and gives as weU hot a little valuable information about their working, repair, and management. 
We can safely recommend it as a useful general treatise on the subject." — The Engineer. 

" Mr. Tayler has treated the subject as concisely as thoroughness would permit. The book 
will rank with the best on this useful topic, and we recommend it to those whose business is the 
transporting of minerals and goods." — Mining youmal. 

MOTOR CARS OR POWER-CARRIAQES FOR COMMON 

ROAD5. 

By A. T. Wallis-Tayler, Assoc. Memb. Inst. C.E., Author of "Modem 

Cycles, ' &c. 212 pp., with 76 Illustrations. Crown 8vo, cloth . . 4/6 

" Mr. Wallis-Tayler's book is a welcome addition to the literature of the subject, as it is the 
production of an Engineer, and has not been written with a view to assist in the promotion of 
companies. . . . The book is clearly expressed throughout, and is just the sort of work that 
an engineer, thinking of turning his attention to motor-carriage work, would do well to read as a 
preliminary to starting o^taXioTi&."— Engineering. 

PLATING AND BOILER MAKING. 

A Practical Handbook for Workshop Operations. By Joseph G. Hornbs, 

A.M.I.M.E. 380 pp. with 338 Illustrations. Crown 8vo, cloth . . 7/8 

" The latest production from the pen of this writer is characterised by that evidence of dose 
acquaintance with workshop methods which will render the book exceedin^y acceptable to the 

Eractical hand. We have no hesitation in commending the work as a serviceable and practical 
andbook on a subject which has not hitherto received much attention from those qualified to deal 
with it in a satisfactory maanet."— Mechanical tVorld. 

PATTERN MAKING. 

A Practical Treatise, embracing the Main Types of Engineering Construction, 
and including Gearing, both Hand and Machine-made, Engine Work, Sheaves 
and Pulleys, Pipes and Columns, Screws, Machine Parts, Pumps and Cocks, 
the Moulding of Patterns in Loam and Greensand, &c., together with the 
methods of estimating the weight of Castings ; with an Appendix of Tables for 
Workshop Reference. By Joseph G. Horner, A.M. I. M.E. Second Edition, 
Enlarged. With 450 Illustrations. Crown 8vo, cloth .... 7/8 

"A well- written technical guide, evidently written by a man who understands and has prac* 
tised what he has written about. . . . We cordially recommend it to engineering students, young 
Journeymen, and others desirous of being initiated into the mjrsteries of pattern-making." — Builder. 

"An excellent vade fnecutn for the apprentice who desires to become master of his trade." 
—English Mechanic. 

MECHANICAL ENGINEERING TERMS 

(Lockwood's Dictionary of)« Embracing those current in the Drawing Office, 
Pattern Shop, Foundry, Fitting, Turning, Smiths', and Boiler Shops, &c., &c. 
Comprising upwards of 6,000 Definitions. Edited by Joseph G. Hornbr, 
A.M.I.M.E. Second Edition, Revised, with Additions. Crown 8vo, cloth 7/6 

"Just the sort of handy dictionary required by the various trades engaged in mechanical en> 
gineering. The practical engineering pupil will find the book of great value m his studies, and ereiy 
foreman engineer and mechanic shoiud have a copy." — Building News. 

TOOTHED GEARING. 

A Practical Handbook for Offices and Workshops. By Joseph Horner, 

A.M.I.M.E. With 184 Illustrations. Crown 8vo, cloth . . . 6/0 

"We must give the book our unqualified praise for its thoroughness of treatment, and we can 
heartily recommend it to all interested as the most practical book on the subject yet written."— 
Mechanical IVorld. 

FIRE PROTECTION. 

A Complete Manual of the Organisation, Machinery, Discipline and General 
Working of the Fire Brigade of London. By Captain Eyre M. Shaw, C.B., 
Chief Officer, Metropolitan Fire Brigade New and Revised Edition, Demy 
8vo, cloth Net 6/0 

FIRE5, FIRE-ENGINES, AND FIRE BRIGADES. 

With a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Foreign Fire Systems ; Hints on Fire- Brigades, &c. By Charles 
F. T. Young, C.E. 8vo, cloth £1 4s. 

" To such of our readers as are interested in the subject of fires and fire apparatus we can 
most heartily commend this hook."— Engineering 
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STONE-WORKINQ MACHINERY. / ao 

A Manual dealing with the Rapid and Economical Conversion of 
Hints on the Arrangement and Management of Stone Works. By W. 
Bale, M.I. M.£. Second Edition, enlarged. With Illustrations. Crown 8vo, 
cloth. [Just Published. 9/0 

" The book should b« in the hands of every mason or student of 8tonewotk."—C^Uttfy 
Gitardian. 

" A capital handbook for all who manipulate stone for building or ornamental purposes."— 
Machinery Market. 

PUMPS AND PUMPING. 

A Handbook for Pump Users. Being Notes on Selection, Construction, and 
Management. By M. Powis Bale, M.LM.E. Fourth Edition. Crown 
8vo, cloth. [ Just Published. 3/6 

" The matter is set forth as concisely as possible. In fact, condensation rather than diffuse* 
ness has been the author's aim throughout ; yet he does not seem to have omitted anything likely to 
be of yxat."—youmal of Gas Lighting. 

" Thorougtily practical and simply and clearly written."— G/ovfvw Herald, 

MILLING MACHINES AND PROCESSES. 

A Practical Treatise on Shaping Metals by Rotary Cutters. Including 
Information on Making and Grinding the Cutters. By Paul N. Hasluck, 
Author of "Lathe- Work." 352 pp. With upwards of 300 Engravings. Large 
crown 8vo, cloth 1 2/6 
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' A new departure in engineering literature. . . . We can recommend this work to all in- 
terested in milling machines ; it Is what it professes to be— a practical treatise."— ^M^vn^er. 

" A capital and reliable book which will no doubt be of considerable service both to thoM 
who are already acquainted with the process as well as to those who contemplate its adoptton."— 
h%dustri€S. 

LATHE-WORK. 

A Practical Treatise on the Tools, Appliances, and Processes employed in 
the Art of Turning. By Paul N. Hasluck. Seventh Edition. Crown 8vo, 
cloth. [/*«/ Published. 5/0 

" Written by a man who knows not only how work ought to be done, but who also knows how 
to do it. and how to convey his knowledge to others. To alltumers this book would be valuable."— 
BMgineeriHg. 

" We can safely recommend the work to young engineers. To the amateur It wHl simply be 
i avaluaUe. To the student it will convey a great dead of useful information."— ^n^f^^Mrr. 

SCREW-THREADS, 

And Methods of Producing Them. With numerous Tables and complett 
Directions for using Screw-Cutting Lathes. By Paul N. Hasluck, Author 
of " Lathe- Work," &c. With Seventy-four Illustrations. Fifth Edition. 
Waistcoat-pocket size 1/6 

" Full of useful information, hints and practical criticism. Taps, dies, and screwli^ tools 
generallv are illustrated and their actions described."— il/(fcAa»t^a/ World, 

" It is a complete compendium of all the details of the screw-cutting lathe ; in fiict a mmAm«m- 
itt^rvo on all the subjects it treats upon."— Caf/e»^r and Builder. 

TABLES AND MEMORANDA FOR ENGINEERS, 

MECHANICS, ARCHITECTS, BUILDERS, &c. 

Selected and Arranged by Francis Smith. Sixth Edition, Revised, including 
Electrical Tables, Formul^g, and Memoranda. Waistcoat-pocket size, 
limp leather. [Just Publtshed. 1 /6 

" It would, perhaps, be as difficult to make a small pocket-book selection of notes and formulae 
to suit ALL engineers as it would be to make a universal medicine ; but Mr. Smith's waistcoat- 
pocket collection may be looked upon as a successful attempt." — Engineer. 

" The best example we have ever seen of 070 pages ot useful matter packed into the dimen 
slons of a caxd-case."— Building News. " A ventable pocket treasury of knowledge."— /r«fr . 

POCKET GLOSSARY OF TECHNICAL TERMS. 

English-French, French-English; with Tables suitable for the Architectural, 
Engineering, Majiufacturing, and Nautical Professions. By John James 
Fletcher, Engineer and Surveyor. Third Edition, 100 pp. Waistcoat- 
pocket size, limp leather. [Just Published. 1 /6 

" It is a very great advantage for readers and correspondents in France and England to have 
so \a1g9 a number of the words relating to engineering and manufacturers collected m a Ulliputiaa 
volume. The little book will be useful both to students and travellers."— ^nrA»^cA 

" The glossary of terms is very complete, and many of the Tables are new aad well arranged. 
We cordially commend the book."— JVerAaw^os/ tV«rld, 
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e ENGINEER'S YEAR BOOK FOR 1901. 

Comprising Formulae, Rules, Tables, Data and Memoranda in Civil, Mechanical, 
Electrical, Marine and Mine Engineering. By H. R. Kbmpb. A.M. Inst. CE., 
M.I.E.E., Technical Officer of the £ngineer-in-Chief's Office, General Post 
Office, London, Author of "A Handbook of Electrical Testing," "The 
Electrical Engineer's Pocket- Book, "&c. With about x,ooo Illustrations, specially 
Engraved for the work. Crown 8vo, 800 pp., leather. [Just PublishM. 8/0 
" Represents an enoimous quantity of work, and fonns a desirable book of reference."— 7*Ac 
Bngineer. 

"The Toliune is distinctly in advance of most similar publications fai this country."— 
BngimeriMg. 

" This valuable and well-designed book of reference meets the demands of all descriptions of 
engineers."— So/wribj' Review. 

" Teems with up-to-date information in eveiy branch of engineering and construction."— 
Building- News. 

** The needs of the engineering profession could hardly be supplied in a more admirable, 
complete and convenient fonn. To say that it more than sustains all comparisons is praise of the 
highest sort, and that may justly be said of it."— A/ifMtf^ youmal. 

" Th^re is certainly room for the newcomer, which supplies explanations and directions, as 
well as formulae and tablM. It deserves to become one of the most successful of the technical 
azmuals. "—A rchittct, 

" Brings tc^ether with great skill all the technical information which an engineer has to use 
day by day. It is in every way admirably equipped, and is sure to prove successfuL"— sSetMSnwaM. 

" The up-to-dateness of Mr. Kempe's compilation is a quality that will not be lost on the busy 
people for whom the work is intended."— GAu^<9To Herald. 

THE PORTABLE ENGINE. 

A Practical Manual on its Construction and Management. For the tiae 

of Owners and Users of Steam Engines generally. By William Dyson 

Wansbrough. Crown 8vo, cloth 3/6 

** This is a work of value to those who use steam machinery. . . . Should be read by every 
one who has a steam engine, on a farm or elsewhere." — Mark Lane Ejepress. 

" We cordialljr commend this work to buyers and owners of steam-engines, and to those who 
have to do with their construction or use."— TVmder Trades journal. 

" Such a general knowledge of the steam-engine as Mr. Wansbrough furnishes to the reader 
should be acquired by all intelligent owners and others who use the steam-engine."— J^m^A^^N!^ News. 

" An excellent text-book of this useful form of engine. The * Hints to Purchasers ' contain a 
good deal of common-sense and practical ydsdom."—Eti£'lisA MecManie, 

IRON AND STEEL. 

A Work for the Forge, Foundry, Factory, and Office. Contaming ready, 
useful, and trustworthy Information for Ironmasters and their Stock-takers : 
Managers of Bar, Rail, Plate, and Sheet Rolling Mills; Iron and Metal 
Founders; Iron Ship and Bridge Builders; Mechanical, Mining, and Con- 
sulting Engineers ; Architects, Contractors, Builders, &c. By Charles Hoarb, 
Author of "The Slide Rule," &C. Ninth Edition, samo, leather . 6/0 

" For comprehensiveness the book has not its equal"- /mr**. 

" One of the best of the pocket books."— English Mechanic. 

CONDENSED MECHANICS. 

A Selection of Formulae, Rules, Tables, and Data for the Use of Engineering 
Students, Science Classes, &c In accordance with the Requirements of the 
Science and Art Department. By W. G. Crawford Hughbs, A.M.I.C.E. 
Crown 8vo, cloth 2/6 

" The book is well fitted for those who are either confronted with practical problems in 
their work, or are preparing for examination and wish to refresh their knowieoge by gomg through 
their formula again." — Marine Engineer. 

"It is well arranged, and meets the wants of those for whom it is intended.'*— ^a(/wa>Ainvx. 

THE SAFE USE OF STEAM. 

Containing Rules for Unprofessional Steam Users. By an Enginbbr. Seventh 
Edition. Sewed Qo. 

" If steam-users would but learn this little book by heart, boiler explosions would become 
Seisations by their tasity."— English Mechanic. 
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THE LOCOMOTIVE ENGINE. 

The Autobiography of an Old Locomotive Engine. By Robert Weather- 
burn, M.I.M.E. With Illustrations and Portraits of George and Robert 
Stephenson. Crown 8vo, cloth. [/»*/ PuSlished. Net 2/6 

Summary of Contents:— Prologue.— Cylinders.— motions.— Connecting 
RODS.— Frames.— WHEELS.— PUMPS, clacks, &c.— injectors.— Boilers.— Smoke box. 
—Chimney.— Weather Board and Awning.— internal Dissensions.— Engine 
drivers. &c. 

" It would be difficult to imagine anythinsf more ingeniously planned, more cleverly worked 
out, and more charmins^ly written. Readers cannot iaifto find the volume most exgoyable."— 
GUisgow Herald, 

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT. 

A Popular Treatise on the Gradual Improvements made in Railway En^nes 
between 1803 and z8o6. By Clement E. Stretton, C.E. Fifth Edition, 
Enlarged. With 120 Illustrations. Crown 8vo, cloth. \jMsi Publishtd. S/6 

" Students of railway history and all who are interested in the evolution of the modem 
ocomotive will find much to attract and entertain in this volimie."— TA^ Times. 

LOCOMOTIVE ENGINE DRIVING. 

A Practical Manual for Engineers in Charge of Locomotive Engines. By 
Michael Reynolds, Member of the Society of Engineers, formerly Loco* 
motive Inspector, L. B. & S. C. R. Ninth Edition. Including a Key to 
the Locomotive Engine. Crown 8vo, cloth 4/6 

" Mr. Reynolds has supplied a want, and has supplied it well. We can confidently recom- 
mend the book not only to the practical driver, but to everyone who takes an interest in the 
performance of locomotive engines."— TA* Engineer. 

" Mr. Reynolds has opened a new chapter in the literature of the day. His treatise is 
admirable."— ^/AtfmvMm. 



THE MODEL LOCOMOTIVE ENGINEER, 

Fireman, and Engine-Boy. Comprising a Historical Notice of the Pioneer 
Locomotive Engines and their Inventors. By Michael Reynolds. Second 
Edition, with Revised Appendix. Crown 8vo, cloth. [Just Published. 4/6 

" From the technical knowledsfe of the author, it will appeal to the railway man of to-day 
more forcibly than anything written by Dr. Smiles. . . . The volume contains mformation of a 
technical kind, and facts that every dnver should be familiar with." — English Mechanic. 

" We should be glad to see this book in the possession of everyone in the kingdom who has 
ever laid, or is to lay, hands on a tocomotive engine."— /rvM. 

CONTINUOUS RAILWAY BRAKES. 

A Practical Treatise on the several Systems in Use in the United Kingdom : 
their Construction and Performance. With copious Illustrations and numerous 

Tables. By Michael Reynolds. 8vo, cloth 9/0 

" A popular explanation of the different brakes. It will be of great assistance in forming 

public opimon, and will be studied with benefit by those who take an interest in the htdkn."— English 

Mechanic 

STATIONARY ENGINE DRIVING. 

A Practical Manual for Engineers in Charge of Stationary Engines. By 
Michael Reynolds. Sixth Edition. Crovm 8vo, cloth . . . 4/6 

" The author is thoroughly acquainted with his subjects, and his advice on the various pomts 
treated is clear and practicaL ... He has produced a manual which is an exceedingly useftil 
one for the class for whom it is specially isA^nd'sd."— Engineering. 

" Our author leaves no stone unturned. He is determined that his readers shall not only 
know something about the stationary engine, but all about it."— Engineer. 

ENGINE-DRIVING LIFE. 

Stirring Adventure and Incidents in the Lives of Locomotive Engine- 
Drivers. By Michael Reynolds. Third Eklition. Crown 8vo, cloth . 1/6 

" Perfectly fascinating. Wilkie Collins's most thrilling conceptions are thrown into the 
shade by true mcidents, endless in their variety, related in every page."— North British Mail. 

THE ENGINEMAN'S POCKET COMPANION, 

And Practical Educator for Enginemen, Boiler Attendants, and Mechanics. 

By Michael Reynolds. With 45 Illustrations and numerous Diagrams. 

Fourth Edition, Revised. Royal i8mo, strongly bound for pocket wear 3/6 

" This admirable work is well suited to accomplish itt object, being the honest workmanship 

Of a competent engineer."— G/ax/w Herald. 
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LIGHT RAILWAYS FOR THE UNITED KINGDOM, 

INDIA, AND THB COLONIES. 

A Practical Handbook setting forth the Principles on which Light Railways 
should be Constructed, Worked, and Financed ; and detailing the Cost of 
Construction, Equipment, Revenue and Working Expenses of Local Railwa3rs 
already established in the above-mentioned countries, and in Belgium, France, 
Switzerland, &c. By J. C. Mackay, F.G.S., A.M. Inst.C.E. Illustrated 
with Plates and Diagrams. Medium 8vo, cloth. [/ms^ Publishtd, 1 fi/Q 

"Mr. Mackay's volume is clearly and concisely written, admirably arrangfed, and freely 
niustrated. The book is exactly what has been lone wanted. We recommend it to all interested 
in the subject. It is sure to have a wide salc,"—Jiaiiway News. 

TUNNELLING. 

A Practical Treatise. By Charles Prelini, C E. With additions by 
Charles S. Hill, C.E. Including 150 Diagrams and Illustrations. Royal 
8vo, cloth. \]U5% Published. Net 1 6/0 

PRACTICAL TUNNELLING. 

Explaining in detail Settine-out the Works, Shaft-sinking, and Heading-driving, 
Ranging the Lines and Levelling underinround, Sub-Excavating, Timbering 
and the Construction of the Brickwork of Tunnels, Mrith the amount of Labour 
required for, and the Cost of, the various portions of the work. By Frbdrrick 
W. SiMMS, M.Inst. C.E. Fourth Edition, Revised and Further Extended, 
including the most recent (1895) Examples of Sub-aqueous and other Tunnels, 
by D. KiNNEAR Clark, M. Inst. C.E. Imperial 8vo, with 34 Folding Plates 
and other Illustrations. Cloth. IJi^t Published. £2 2s. 

" The present (1896) edition has been broueht rigfht up to date, and is thus rendered a work to 
which civil engineers g'enerally should have ready access, and to which engineers who have con- 
itruction work can hardly afford to be without, but which to the younger members of the profession 
li invaluable, as from its pages they can learn the state to which the science of tunnelling has 
attained."— J^atYwoy News. 

" The estimation in which Mr. Simms's book has been held for many years cannot be more 
truly expressed than in the words of the late Prof. Rankine: ' The best source of information on 
the subject of tunnels is Mr. F. W. Simms's work on Practical Tunnelling.' "—Architect. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OP WATBR-WORKS.. 

A Practical Treatise for the Use of Engineers and Students of Engineering. 
By W. K. Burton, A.M. Inst. C.E., Professor of Sanitary Engineering in the 
Imperial University, Tokyo, Japan, and Consulting Engineer to the Tokyo 
Water-works. Second Edition, Revised and Extended. With ntunerous 
Plates and Illustrations. Super-royal Svo, buckram. \Just Published. 2fi/0 

I. Introductory. — II. Different Qualities of Water. — III. Quantity of 
Water to be Provided.— IV. On Ascertaining whether a Proposed Source of 
SUPPLY IS Sufficient.— V. On estimating the Storage Capacity requirhd 
TO BE Provided.— VI. classification of water-works.— VII. Impounding reser- 
voirs.— Vlll. Earthwork Dams.— IX. Masonry Dams.— X. The Purification of 
Water.— XI. Settling Reservoirs.— XII. Sand Filtration.— XIII. purification 
of Water by Action of iron, Softening of Water by Action of Lime, Natural 
Filtration.— XIV. service or Clean Water Reservoirs— Water Towers- Stand 
Pipes.— XV. The connection of Settling Reservoirs, Filter Beds and Service 
Reservoirs.— XVI. pumping Machinery.— xvii. Flow of Water in Conduits- 
Pipes AND open channels.— XVIII. DISTRIBUTION SYSTEMS.— XIX. SPECIAL PRO- 
VISIONS FOR THE EXTINCTION OF FiRE.— XX. PIPES FOR WATER-WORKS.— XXI. PRE- 
VENTION OF Waste of Water.— XXII. Various Applications used in Connection 
WITH Water-works. 

appendix I. By PROF. JOHN MILNE, F.R.S.— CONSIDERATIONS CONCERNING THE 

probable Effects of Earthquakes on Water-works, and the special pre- 
cautions TO BE TAKEN IN EARTHQUAKE COUNTRIES. 

Appendix II. By JOHN D£ RIJKE, C.E.— ON Sand Dunes and Dune Sand as 
A Source of Water Supply. 

" The chapter upon filtration of water is very complete, and the details of construction well 
illustrated. . . . The work should be specially valuable to civil engineers engagfed in work in 
Japan, but the interest is by no means confined to that locality." — Engineer. 

" We congratulate the author upon the practical commonsense shown in the preparation cf 
this work. . . . The plates and diagrams have evidently been prepared with great care, and 
Cannot fail to be of great assistance to the student." — Builder. 

" The whole art of water-works construction is dealt with in a clear and comprehensive fashion 
In this handsome volume. . . . Mr. Burton's practical treatise shows in all its sections the fruit 
of independent study and individual experience. It is largely based upon his own practice in the 
branch of engineering of which it treats."— So/wrvtey Review, 
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THE WATER 5UPPLY OF CITIES AND TOWNS. 

By William Humbbr, A. M. Inst. C.E., and M.Inst M.E., Author of "Cait 
and Wrought Iron Bridge Construction," &c., &c Illustrated with ^o Double 
Plates, I Single Plate, Coloured Frontispiece, and upwards of 250 Woodcuts, 
and containing 400 pp. of Text. Imp. 4to, elegantly and substantially 

half-bound in morocco Net £6 6s. 

List of Contents. 

I. Historical Sketch of some of the means that have been adopted for 
THE SUPPLY of Water to Cities and Towns.— II. Water and the Foreign matter 

USUALLY ASSOCIATED WITH IT.— III. RAINFALL AND EVAPORATION.— IV. SPRINGS AND 
THE WATER-BEARING FORMATIONS OF VARIOUS DISTRICTS.— V. MEASUREMENT AND 

Estimation of the Flow of water.— VI. on the Selection of the source of 
Supply.— VII. Wells.— viii. Reservoirs.— IX. The Purification of water.— 
X. pumps.— XI. Pumping Machinery.— Xll. Conduits.— Xlil. Distribution of Water. 
—XIV. Meters, Service Pipes, and House Fittings.— xv. the Law of Economy of 
Water-works.— XVI. constant and intermittent Supply.— xvil. description of 
Plates.— APPENDICES, giving Tables of Rates of supply, Velocities, &c., &c., 
together with specifications of several Works illustrated, among which 

will be found : ABERDEEN, BiDEFORD, CANTERBURY, DUNDEE. HALIFAX, LAMBETH, 
ROTHERHAM, DUBLIN, AND OTHERS. 

" The most systematic and valuable work upon water supply hitherto produced in English, or 
In any other lang^uage. It b characterised almost throuehout by an exhaustiveness much more 
diitinctive of French and German than of English technical treatises."— £»^M«er. 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water- 
works for small Country Districts. By Allan Greenwell, A.M.I. C.E., 
and W. T. Curry, A.M.I.C.E., F.G.S. With Illustrations. Second Edition, 
Revised. Crown 8vo, cloth. [Just Published. SIO 

" We conscientiously recommend it as a very useful book for those concerned in olitaining 
water for small districts, giving a great deal of {iractical information in a small compass." — Builder. 

" The volume contains valuable information upon all matters connected with water supply. 
. . . Full of details on points which are continually before water-works engineers. "—A''a/Mr<. 

HYDRAULIC POWER ENQINEERINQ. 

A Practical Manual on the Concentration and Transmission of Power by 
Hydraulic Machinery. By G. Croydon Marks, A.M. Inst. C.E. With 
nearly 200 Illustrations. 8vo, cloth. [Jifst PMbiished. Net 9/0 

Summary of Contents:— principles of hydraulics.— The Observed Flow 
OF Water.— Hydraulic Pressures, Material.— Test Load Packings for Sliding 
Surfaces.— Pipe Joints.— Controlling Valves.— Platform Lifts.— workshop. 
Factory, and dock cranes.— hydraulic Accumulators.— presses.— sheet metal 
Working and Forging Machinery.— Hydraulic Rivetters.— Hand, power, and 
Steam Pumps.— turbines.— impulse and Re-action Turbines.— Design of tur- 
bines.— Water Wheels.— HYDRAULIC Engines.— Recent achievements.— Tables. 

"We have nothing but praise for this thoroughly valuable work. The author has succeeded 
in rendering his subject interesting as well as instructive."— /'racAVa/ Engineer. 

"Can be unhesitatingly recommended as a useful and up-to-date raanua on hydraulic trans- 
it ission and utilisation of power." — Mechanical World. 

HYDRAULIC TABLE5, G0-EFFICIENT5, & FORMULi«. 

For Finding the Discharge of Water from Orifices, Notches, Weirs, Pipes, and 
Rivers. With New Formulae, Tables, and General Information on Rain>fall, 
Catchment-Basins, Drainhge, Sewerage, Water Supply for Towns and Mill 
Power. By John Neville, Civil Engineer, M.R.I. A. Third Edition, 
revised, with additions. Numerous Illustrations. Crown 8vo, cloth . 1 4/0 
" It is, of all English books on the subject, the one nearest to completeness."— .<4rcA*/;f A 

HYDRAULIC MANUAL. 

Consisting of Working Tables and Explanatory Text. Intended as a Guide in 
Hydraulic Calculations and Field Operations. By Lowis D'A. Jackson, 
Author of "Aid to Survey Practice," "Modern Metrology," &c. Fourth 
Edition, Enlarged. Large crown 8vo, cloth 1 6/0 

"The author has constructed a manual which may be accepted as a trustworthy guide 
to this branch of the engineer's ^toitsAovi."— Engineering. 

WATER ENGINEERING. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa- 
tion of Water for the Supply of Towns, for Mill Power, and for other Purposes. 
By C. Slagg, a. M. Inst. C.E. Second Edition. Crown 8vo, cloth . 7/0 
" As a small practical treatise on the water supply of towns, and on some applications of water- 
power, the work is in many respects excellent."— ^^viM^^rin^. 
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THE RECLAMATION OF LAND FROM TIDAL WATERS. 

A Handbook for Engineers, Landed Proprietors, and others interested in 
Works of Reclamation. By Albxander Beazeley, M.Inst. C.E. With 
Illustrations. 8vo, cloth. [/»J^ Pt^lished. Net 1 0/6 

" The book shows in a concise way what has to be done in reclaimins^ land from the sea, and 
the best way of doing it. The work contains a great deal of practical and useful infonuation which 
cannot fail to be of service to engineers entrusted with the enclosure of salt marshes, and to land- 
owners iatending to reclaim land from the sea." — The Engineer. 

" The author has carried out his task efficiently and well, and his book contains a large 
amount of information of great service to engineers and others interested in works of recl.amation." 
—Nature. 

MA50NRY DAMS FROM INCEPTION TO COMPLETION. 

Including numerous Formulae, Forms of Specification and Tender, Pocket 
Diagram of Forces, &c. For the use of Civil and Mining Engineers. By 
C. F. Courtney, M. Inst. C.E. 8vo, cloth. [Just Published. O/O 

** The volume contains a good deal of valuable data, and furnishes the engineer with practical 
advice. The author deals with his subject from the inception to the finish. Many useful sugges- 
tions will be found in the remarks on site and position, location of dam, foundations and 
construction." — Building News, 

RIVER BARS. 

The Causes of their Formation, and their Treatment by " Induced Tidal 
Scour " ; with a Description of the Successful Reduction b^ this Method of 
the Bar at Dublin. By 1. J. Mann, Assist. Eng. to the Dubhn Port and Docks 
Board. Royal 8vo, cloth 7/6 

" We recommend all interested in harbour works— and, indeed, those concerned in thtt 
mprovements of rivers generally— to read Mr. Mann's interesting work."— Engineer. 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 

Embracing a Comjirehensive History of the System; with an exhaustive 
Analysis of the Various Modes of Traction, including Horse Power, Steam, 
Cable Traction, Electric Traction, &c. ; a Description of the Varieties of 
Rolling Stock ; and ample Details of Cost and Working Expenses. New 
Edition, Thoroughljr Revised, and Including the Progress recently made in 
Tramway Construction, &c., &c. By D. Kinnear Clark, M. Inst.C.E. 
With 400 Illustrations. 8vo, 780 pp., buckram. [Just Published, 28/0 

" The new volume is one which will rank, amone tramway engineers and those interested in 
tramway working, with the Author's world-famed book on railway machinery. "—T^A^ Engineer 

PRACTICAL SURVEYING. 

A Text-Book for Students preparing for Examinations or for Survey-work in 
the Colonies. By George w. Usill, A.M.I.C.E. With 4 Plates and up- 
wards of 330 Illustrations. Sixth Edition. Including Tables of Natural Sines, 
Tangents, Secants, &c. Crown 8vo, cloth 7/6 > or, on Thin Paper, leather, 
gilt edges, for pocket use 1 2/6 

" The best forms of instruments are described as to their construction, uses and modes 
of employment, and there are innumerable hints on work and equipment such as the author, in 
his experience as surveyor, draughtsman and teacher, has found necessary, and which the studeat 
In his mexperience will find most serviceable." — Engineer. 

" The latest treatise in the English language on surveying, and we have no hesitation in say- 
ing that the student will find it a better guide than any of its predecessors. Deserves to be 
recognised as the first book which should be put in the hands of a pupil of Civil Engineering."— 
ArcMiUct. 

SURVEYING WITH THE TACHEOMETER. 

A practica Manual for the use of Civil and Military Engineers and Surveyors. 
Including two series of Tables specially computed for the Reduction of 
Readings in Sexagesimal and in Centesimal Degrees. By Neil Kennedy, 
M. Inst. C.E. With Diagrams and Plates. Demy 8vo, cloth. 

[Just Published. Net 10/6 
" The work is very clearly written, and should remove all difficulties in the way of any surveyor 
desirous of making use of this useful and rapid instrument." — Nature. 

AID TO SURVEY PRACTICE. 

For Reference in Surveying, Levelling, and Setting-out; and in Route Sur- 
veys of Travellers by Land and Sea. With Tables, Illustrations, and Records. 
By Lewis D'A. Jackson, A.M.I. C.E. 8vo, cloth .... 12/6 
" A valuable vctdt-tnecum for the surveyor. We recommend this book as containing an 
admirable supplement to the teaching of the accomplished surveyor."— ^iA^mrMiw. 

" The author brin^ to his work a fortunate union of theory and practical experience which, 
aided by a clear and lucid style of writing, renders the book a very useful vo»."—Buadtr. 
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ENQINEER'S & MINING SURVEYOR'S FIELD BOOK. 

Con^sting of a Series of Tables, with Rules, Explanations of Systems, and 
use of Theodolite for Traverse Surve3^ng and plotting the work with minute 
accuracy by means of Straight Edge and Set Square only ; Levelling with the 
Theodolite, Casting-out and Reducing Levels to Datum, and Plotting Sections 
in the ordinary manner ; Setting-out Curves with the Theodolite by Tangential 
Angles and Multiples with Right and Left-hand Readings of the Instrument ; 
Setting-out Curves without Theodolite on the System of Tangential Angles by 
Sets of Tangents and Offsets ; and Earthwork Tables to 80 feet deep, calcu- 
lated for every 6 inches in depth. By W. Davis Haskoll, C.£. With 
numerous Woodcuts. Fourth Edition, Enlarged. Crown 8vo, cloth . 1 2/0 

" The book is very bandy ; the separate tables of sines and tangents to every minute will make 
it useful for many other purposes, the g^enuine traverse tables existing all the same."— A thtnaum. 

" Every person eng'a^^ed in en^neerinsf field op>erations will estimate the importance of such 
a work and the amount of valuable time which will be saved by reference to a set of reliable tables 
prepared with the accuracy and fulness of those given in this volume."— ^a»Vwa> News, 

LAND AND MARINE SURVEYING. 

In Reference to the Preparation of Plans for Roads and Railway ; Canals, 
Rivers, Towns' Water Supplies ; Docks and Harbours. With Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C.E. Second 
Edition, Revised, with Additions. Large crown Bvo, cloth . . . 0/0 

" This book must prove of s^reat value to the student. We have no hesitation in recom- 
mendix^ it. feeling assured that it will more than repay a careful sXxidy."— Mechanical World. 

"A most useful book for the student. We strongly recommend it as a carefully-written 
and valuable text-book. It enjoys a well-deserved repute among surveyors." — Builder, 

" This volume cannot fail to prove of the utmost practical utflity. It may be safely recom- 
mended to all students who aspire to become clean and expert surveyors."— AfitMtH^ youmal, 

PRINCIPLES AND PRACTICE OF LEVELLING. 

Showing its Application to Purposes of Railway and Civil Engineering in 
the Construction of Roads ; with Mr. Telford's Rules for the same. By 
Frederick W. Simms, F.G.S., M.Inst. C.E. Eighth Edition, with the 
addition of Law's Practical Examples for Setting-out Railway Curves, and 
Trautwine's Field Practice of Laying-out Circular Curves. With 7 Flates 

and numerous Woodcuts, 8vo, cloth 8/6 

*i^ Trautwine on Curves may be had separate 6/0 

" The text-book on levelling in most of our engineering schools and colleges." — Engineer. ' 
"The publishers have rendered a substantial service to the profession, especiuly to the 
younger memoers, by bringing out the present edition of Mr. Simms's useful ■vQx\u"—Et^neeriHg. 

AN OUTLINE OF THE METHOD OF CONDUCTING 

A TRIQONOMBTRICAL 5URVBY. 

For the Formation of Geographical and Topo^aphical Maps and Plans, Mili- 
tary Reconnaissance, LEVELLING, &c., with Useful Problems, Formulae, 
and Tables. By Lieut. -General Frome, R.E. Fourth Edition, Revised and 
partly Re-written by Major-General Sir Charles Warren, G.C.M.G., R.E. 
With 19 Plates and 115 Woodcuts, royal 8vo, cloth .... 1 6/0 

" No words of praise from us can strengthen the position so well and so steadily maintained 
by this work. Sir Charles Warren hias revised the entire work, and made such additions as were 
necessary to bring every portion of the contents up to the present ^X»."~-Brocul Arrow, 

TABLES OF TANGENTIAL ANGLES AND MULTIPLES 

FOR 5ETTINQ-OUT CURVES. 

From 5 to 200 Radius. By A. Beazelev, M. Inst. C.E. 6th Edition, 
Revised. With an Appendix on the use of the Tables for Measuring up 
Curves; Printed on 50 Cards, and sold in a cloth box, waistcoat-pocket size. 

XjT^st Published, 3/6 
"Each table is printed on a card, which, placed on the theodolite, leaves the hands free 
to manipulate the instrument— no small advantage as regards the rapidity of work."— £nfv'n««r. 

" Very handy : a man may know that all his day's work must fall on two of these car(&, whkh 
he puts into his own card-case, and leaves the rest \iKt!iaA."—Athenaum. 

HANDY GENERAL EARTH-WORK TABLES. 

Giving the Contents in Cubic Yards of Centre and Slopes of Cuttings and 
Embankments from 3 inches to 80 feet in Depth or Height, for use with either 
66 feet Chain or xoo feet Chain. By J. H. Watson Buck, M. Inst. C.E. 
On a Sheet mounted in cloth case. [/W5^ Published, 3/6 
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BARTHWORK TABLE5. 

Showing the Contents in Cubic Yards of Embankments, Cuttings, ftc, of 

Heights or Depths up to an average of 80 feet. By Joseph Broadbbnt, C.E., 

and Francis Cam pin, C.E. Crown 8vo, cloth O/Q 

" The way in whkh acciiracy is attained, by a simple division of each crocs section into tltra* 
elements, two in which are constant and one variable, is ingenious."— ^^A«ntf mm. 

A MANUAL ON EARTHWORK. 

By Alex. J. S. Graham, C.E. With numerous Diagrams. Second Edition. 
xSmo, cloth 2/6 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 

A Practical and Theoretical Essay. By J. H. Watson Buck, M. Inst. CB., 
_ .. _ . . ^.^ _. .. 



Resident Engineer, L. and N. W. R. With Folding Plates, 8vo, cloth 1 2/0 

" Many of the methods ifiven are of extreme practical value to the mason, and the obeerva- 

tions on the form of arch, the rules for orderingr the stone, and the construction of the templates* 

win be found of consideraUe use. We commend the book to the engineering profesnoii."^ 

" will be regarded by dvil engineers as of the utmost value, and calculated to save much 
time and obviate many mistakes."— C^^Mry Guardian, 

CAST & WROUGHT IRON BRIDGE CONSTRUCTION 

(A Complete and Practical Treatise on), including Iron Foundations. In 
Three Parts. — Theoretical, Practical, and Descriptive. By William Humbbm, 
A. M. Inst. C.E., and M. Inst. M.E. Third Edition, revised and much im> 
proved, with 115 Double Plates (30 of which now first appear in this edition), 
and numerous Additions to the Text. In 2 vols., imp. 4to, half-bound in 

morocco £6 16s. 6o. 

" A veiy valuable contribution to the standard literature of civil engineering. In addition to 
elevations, plans, and sections, largfe scale details are given, which very much enhance the 
Instructive worth of those illustrations."— CtzuV Engineer and ArtJtUecfs youmal, 

"Mr. Humber's stately volumes, lately issued — in which the most important bridges 
erected during the last live years, under the direction of the late Mr. BruneC Sir W. Cubitt, 
Mr. Hawlcshaw. Mr. Page, Mr. Fowler, Mr. Hemans, and others among our most eminent 
engineers, are drawn and specified in great detaiL"— £M^'»«fr. 

ESSAY ON OBLIQUE BRIDGES 

(Practical and Theoretical). With 13 large Plates. By the late Gborcr 
Watson Buck, M.I. C.E. Fourth Edition, revised b^ his Son, J. H. Watson 
Buck, M.I. C.E. ; and with the addition of Description to Dia^ams for 
Facilitating the Construction of Oblique Bridges, by W. H. Barlow, M.I.C.E. 
Royal 8vo, cloth 1 2/0 

" The standard text-book for all engineers reg^arding skew arches is Mr. Buck's tieatiae, 
and it wouldbe impossible to consult a better." — Engineer, 

idai " 



' Mr. Buck's treatise is recog^ntsed as a standard text -book, and his treatment has divested 
the subject of many of the intricacies supposed to belong to it. As a guide to the engineer and 
architect, on a confessedly diliicult subject, Mr. Buck's work is unsurpassed."— ^Mt/dft»^^«wj. 



THE CONSTRUCTION OF OBLIQUE ARCHES 

(A Practical Treatise on). By John Hart. Third Edition, with Plates. 
Imperial 8vo, cloth 8/0 

GRAPHIC AND ANALYTIC STATICS. 

In their Practical Application to the Treatment of Stresses in Ro<^, Solid 
Girders, Lattice, Bowstring, and Suspension Bridges, Braced Iron Arches and 
Piers, and other Frameworks. By K. Hudson Graham, C.E. Containing 
Dia^ams and Plates to Scale. With numerous Examples, many taken from 
existing Structures. Specially arranged for Class-work in Colleges and 
Universities. Second Edition, Revised and Enlarged. 8vo, cloth . 1 Q/Q 
" Mr. Graham's book will find a place wherever graphic and analytic statics are used or 
studied."— fff/iM«er. 

" The work is excellent from a practical point of view, and has evidently been peepased 
with much care. The directions for worldn£r are simple, cmd are illustrated by an abundance of 
well-selected examples. It is an excellent text-book for the practical draughtsman."— ^Momtimm. 

WEIGHTS OF WROUGHT IRON & 5TEEL GIRDER5. 

A Graphic Table for Facilitating the Computation of the Weights of Wroaaiit 
Iron and Steel Girders, &c., for Parliamentary and other Estimates. By 
J. H. Watson Buck, M. Inst. C.E. On a Sheet 2/6 
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PRACTICAL GEOMETRY. 

For the Architect, Engineer, and Mechanic. ^ Givinj^ Rules for the Delineation 
and Application of various Geometrical Lines, Figures, and Curves. By 
E. W. lARN, M. A., Architect. 8vo, cloth O/Q 

" No book with the same objects in view has ever been published In which the cleaxness of 
the rules laid down and the illustrative diafi^ams have been so satisfactory."— Sw/lrman. 

THE GEOMETRY OF C0MPA55E5. 

Or, Problems Resolved by the mere Description of Circles and the Use of 
Coloured Diagrams and Symbols. By Oliver Bvrnb. Coloured Plates. 
Crown 8vo, cloth 3/6 

HANDY BOOK FOR THE CALCULATION OP 5TRAIN5 

In Girders and Similar Structures and their Strength. Consisting of Formulae 
and Corresponding Diagrams, with numerous details for Practical Applica- 
tion, &c. By William Humber, A. M. Inst. C.E., &c. Fifth Edition. 
Crown 8vo, with nearly 100 Woodcuts and 3 Plates, cloth . . . 7/6 

" The formulae are neatly expressed, and the dia&frams good." — Athenteutn. 
" We heartily commend this really handy book to our engineer and arcliitect readers."^ 
Bn^Hsh Mechanic. 

TRUSSES OF WOOD AND IRON. 

Practical Applications of Science in Determining the Stresses. Breaking 

Weights, Safe Loads, Scantlings, and Details of Construction. Witn Complete 

Working Drawings. By William Griffiths, Surveyor. 8vo, cloth. 4/6 

"This handy Utde book enters so minutely into every detail connected with the con- 
struction of roof trusses that no student need be ignorant of these matters."— /Vac/t^ca/ Engineer. 

THE STRAINS ON STRUCTURES OF IRONWORK. 

With Practical Remarks on Iron Construction. By F. W. Sheilds, M.I.C.E. 
8vo, cloth 6/0 

A TREATISE ON THE STRENGTH OF MATERIALS. 

With Rules for Application in Architecture, the Construction of Suspension 
Bridges, Railways, &c By Peter Barlow, F.R.S. A new Edition, revised 
by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added. Experiments by Hodgkinson, Fairbairn, and Kirkaldy; and 
Formulae for calculating Girders, &c. Arranged and Edited by Wm. Humber, 
A. M.Inst. C.E. ^vo, cloth 18/0 

" Valuable alike to the student tyrj, and the experienced practitioner, it will always rank 
in fdture as it has hitherto done, as the standard treatise on that particular sabred."— Engineer. 

" As a scientific worlc of the first class, it deserves a foremost place on the bookshelves of 
every civil engineer and practical mechanic." — English Mechanic. 

SAFE RAILWAY WORKING. 

A Treatise on Railway Accidents, their Cause and Prevention ; with a De> 
scription of Modern Appliances and Systems. By Clement E. Stretton, 
C.E., Vice-President and Consulting Engineer, Amalgamated Society^ of 
Railway Servants. With Illustrations and Coloured Plates. Third Edition, 
Enlarged. Crown 8vo, cloth 3/6 

"A book for the engineer, the directors, the managers; and, in short, all who wish for 
i'lformation on railway matters will find a perfect encyclopaedia in ' Safe Railway Worldng.' "— 
Rail-way Review. 

" We commend the remarks on railway signalling to all railway managers, especially where 
a uniform code and practice is advocated."— Here/ath's Railway journal. 

EXPANSION OF STRUCTURES BY HEAT. 

By John Keily, C.E., late of the Indian Public Works Department. Crown 
8vo, cloth 3/6 

" The aim the author has set before him, viz., to show the effects of heat upon metallic and 
other structures, is a laudable one, for this is a branch of physics upon which the engineer or 
architect can find but little reliable and comprehensive data in books."— Builder. 



x6 CROSBY LOCKWOOD &> SON'S CATALOGUE. 
THE PR0QRE55 OP MODERN ENGINEERING. 

Complete in Four Volumes, imperial 4to, half-morocco, price £12 12s. 

Each volume sold separately, as follows : — 
First Series, Comprising Civil, Mechanical, Marine, Hydraulic, Railway, 
Bridee, and other Engmeering Works, &c. By William Humbbr, 
A. M. Inst. C.E., &c. Imp. 4to, with 36 Double Plates, drawn to a large sc^e, 
Photographic Portrait of John Hawkshaw, C.E., F.R.S., &c., and copious 
descriptive Letterpress, Specifications, &c. Half-morocco . . £3 3t. 

List op the Plates and Diagrams. 

Victoria Station and roof, l. b. & S. C. R. (8 plates); Southport Pier 
(3 PLATES) ; Victoria Station and Roof, L. C. & D. and G. W. R. (6 plates) ; Roof 
of Cremornb music Hall; bridge over G. n. Railway; roof of Station, 
Dutch Rhenish Rail, (s plates); Bridge over the Thames, West London 
Extension railway (5 plates); armour plates; Suspension Bridge, Thames 
(4 plates); The Allen Engine; Suspension Bridge, Avon (3 plates); Under- 
GROUND Railway (3 plates). 

HUMBERTS MODERN ENGINEERING. 

Second Series. Imp. 410, with 3 Double Plates, Photographic Portrait of 
Robert Stephenson, C.E., M.P., F.R.S., &c., and copious descriptive Letter- 
press, Specifications, &c. Half-morocco £3 3 s. 

List of the Plates and Diagrams. 

Birkenhead Docks, Low water Basin (15 plates) ; Charing Cross Station 
Roof, C. C. railway (3 plates); Digswell Viaduct, Great Northern Railway; 
Robbery wood Viaduct, Great Northern Railway; Iron Permanent Way; 
Clydach Viaduct, Merthyr, Tredegar, and Abergavenny Railway; Ebbw 
Viaduct, Merthyr, Tredegar, and Abergavenny Railway; College Wood 
Viaduct, Cornwall Railway ; Dublin Winter Palace Roof (3 plates) ; Bridge 
OVER the Thames. L. C. & d. railway (6 plates); Albert Harbour, Greenock 

(4 PLATES). 

NUMBER'S MODERN ENGINEERING. 

Third Series. Imp. 4to, with 40 Double Plates, Photo^aphic Portrait of 
J. R. M'Clean, late Pres. Inst. C.E., and copious descriptive Letterpress, 
Specifications, &c. Half-morocco £3 3 s. 

List of the Plates and Diagrams. 

Main Drainage, Metropolis.— A^orrt 5t*.— Map showing Interception of 
Sewers ; Middle Level Sewer (2 plates) ; Outfall Sewer, Bridge over River 
Lea (3 PLATES) ; Outfall Sewer, bridge over Marsh Lane, North Woolwich 
Railway, and Bow and Barking Railway Junction ; Outfall Sewer, bridge over 
bow and Barking Railway (3 plates) ; Outfall Sewer, Bridge over East London 
Water-works' Feeder (2 plates) ; Outfall Sewer Reservoir (2 plates) ; Outfall 
Sewer, tumbling Bay and Outlet ; Outfall Sewer, Penstocks. South SicU.^ 
Outfall Sewer, bermondsey Branch (2 plates) ; Outfall Sewer, Reservoir and 
Outlet (4 plates) ; Outfall Sewer, Filth Hoist ; Sections of Sewers North and 
South Sides). 

Thames Embankment.— Section of River wall; Steamboat Pier, West- 
minster (2 plates) ; Landing Stairs between Charing Cross and Waterloo 
Bridges ; York Gate (2 plates) ; Overflow and Outlet at Savoy Street Sewer 
(3 PLATES); Steamboat Pier, Waterloo Bridge (3 plates); Junction of Sewers, 
Plans and Sections; Gullies, Plans and Sections; rolling Stock; Granite 
AND IRON Forts. 

HUMBER'S MODERN ENGINEERING. 

Fourth Series. Imp. 4to, with 36 Double Plates, Photographic Portrait of 
John Fowler, late Pres. Inst. C.E., and copious descriptive Letterpress, Speci- 
fications, &c. Half-morocco 4S3 3 s. 

List of the Plates and Diagrams. 

abbey Mills Pumping Station, Main drainage. Metropolis (4 plates) ; 
Barrow docks (5 plates) ; Manquis Viaduct, Santiago and Valparaiso Railway, 
(2 plates) ; adam's locomotive, st. helen's canal railway (2 plates) ; cannon 
Street Station roof, charing Cross Railway (3 plates); Road Bridge over 
THE River moka (2 plates) ; Telegraphic Apparatus for Mesopotamia ; Viaduct 
over the River wye. Midland Railway (3 plates); St. Germans Viaduct, 
Cornwall Railway (2 plates); wrought-Iron Cylinder for Diving Bell; 
Millwall Docks (6 plates) ; Milroy's Patent Excavator ; Metropolitan Dis- 
trict Railway (6 plates) ; Harbours, ports, and Breakwaters (3 plates). 
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MARINE ENGINEERING, SHIPBUILDING, 

NAVIGATION, &c. 



THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 

POCKET-BOOK of Formulae, Rules, and Tables, and Marine Engineer's and 
Surveyor's Handy Book of Reference. By Clement Mackrow, M.I.N. A. 
Seventh Edition, 700 pp., with 300 Illustrations. Fcap., leather . . 1 2/6 

SUMMARY OF CONTENTS :— SIGNS AND SYMBOLS, DECIMAL FRACTIONS.— TRIGONO- 
METRY.— PRACTICAL Geometry.— MENSURATION.— Centres AND Moments of Figures, 
—moments of inertia and radii of gyration.— algebraical expressions for 
Simpson's rules.— Mechanical principles.— Centre of Gravity.— Laws of motion. 
—Displacement, Centre of Buoyancy.— Centre of Gravity of Ship's Hull.— 
Stability Curves and metacentres.— Sea and Shallow-water Waves.— Rolling 
of Ships.— Propulsion and Resistance of Vessels.— Speed Trials.— Sailing, 
Centre of Effort.— Distances down Rivers, Coast Lines.— steering and 
Rudders of Vessels.— Launching Calculations and Velocities.— weight of 
Material and Gear.— Gun Particulars and weight.— Standard Gauges.— 
Riveted Joints and Riveting.— Strength and tests of Materials.— Binding 
AND Shearing Stresses, &c. — Strength of Shafting, Pillars, wheels, &c. 
—hydraulic Data, &c. — conic sections, Catenarian curves. — Mechanical 
Powers, work.— Board of Trade Regulations for boilers and engines.— board 
OF Trade Regulations for Ships.— Lloyd's Rules for Boilers.— Lloyd's weight 
of Chains.— Lloyds Scantlings for Ships.— Data of Engines and vessels.— 
Ships' Fittings and Tests.— Seasoning Preserving Timber.— Measurement of 
Timber.— alloys, Paints, Varnishes.— Data for Stowage.— Admiralty trans- 
port Regulations. — RULES for Horse-power, Screw propellers, Ac- per- 
centages for butt straps, &c.— particulars of yachts.— masting and rigging 
Vessels.— Distances of Foreign ports.— Tonnage Tables.— Vocabulary of 
French and English Terms. — English Weights and measures. — Foreign 
weights and measures.— Decimal Equivalents.— Foreign money.— Discount 
and Wages tables.— useful Numbers and ready Reckoners.— Tables of 
Circular measures.— Tables of Areas of and Circumferences of Circles.— 
Tables of Areas of Segments of Circles.— Tables of squares and Cubes and 
Roots of Numbers.— Tables of logarithms of Numbers.— Tables of Hyper- 
bolic Logarithms.— Tables of Natural Sines, Tangents, &c.— Tables of 
logarithmic Sines, Tangents, &c. 

"In these days of advanced lcnowledi[e a work like this is of the greatest value. It contains 
a vast amount of information. We unhesitatingly say that it is the most valuable compilation for its 
specific purpose that has ever been printed. No naval architect, engineer, surveyor, or seaman, 
wood or iron shipbuilder, can afford to be without this work."— Nautical Magazine. 

" Should be used by all who are engaged in the construction or design of vessels. . . . Will 
be found to contain the most useful tables and formulae required by shipbuUders, carefully collected 
from the best authorities, cmd put together in a popular and simple form. The book is one of 
exceptional merit." — Engineer. 

" The professional shipbuilder has now, in a convenient and accessible form, reliable data for 
solving many of the numerous problems that present themselves in the course of his work."— /r^TM. 

"There is no doubt that a pocket-book of this description must be a necessity in the ship- 
building trade. . . The volume contains a mass of useful information clearly expressed and 
presented in a handy ioxm."— Marine Engineer. 

WANNAN'S MARINE ENGINEER'S GUIDE 

To Board of Trade Examinations for Certificates of Competency. Containing 
all Latest Questions to Date, with Simple, Clear, and Correct Solutions ; 
Elementary and Verbal Questions and Answers ; complete Set of Drawings 
with Statements completed. By A. C. Wannan, C.E., and E. W. I. Wannan, 
M.I.M.E. Illustrated with numerous Engraving's. Croi^n 8vo, 370 pp., 
cloth 8/6 

"The book is clearly and plainly written and avoids unnecessary exoknations and fomiulas, 
and we consider it a valuable book for students of marine engineering."— ivawrtVa/ Alagaxine. 

WANNAN'S MARINE ENGINEER'S POCKET-BOOK. 

Containing the Latest Board of Trade Rules and Data for Marine Engineers. 

By A. C. Wannan. Second Edition, carefully Revised. Square i8mo, with 

thumb Index, leather 6/0 

"There is a great deal of useful information in this little pocket-book. It is of the rule-of 
thumb ordet, and is, on that account, well adapted to the uses of the sea-going engineer."— 
Engineer. 

L« B 



iS CROSBY LOCKWOOD ^ SON'S CATALOGUE, 



MARINE ENQINE5 AND 5TEAM VES5EL5. 

A Treatise on. By Robert Murray, C.E. Eighth Edition, thoroughly 
Revised, with considerable Additions by the Author and by George 
Carlisle, C.E., Senior Surveyor to the Board of Trade. z2mo, cloth . 4/6 

SEA TERMS, PHRASES, AND WORDS 

(Technical Dictionary of) used in the English and French Languages 
(English- French, French-English). For the Use of Seamen, Engineers, Pilots, 
Shipbuilders, Shipowners, and Ship-brokers. Compiled by W. Pirrie, late of 
the African Steamship Company. Fcap. 8vo, cloth limp . . 5/0 

" This volume will be hiehly appreciated by seamen, engineers, pilots, shipbuilders and ship- 

iderfully 



owners. It will be found wonderfully accurate and complete." — Scotsman. 
•* A very useful dictionary, which has lor^~ ' """ ^~~ ^ "■ 

masters, officers and others." — Skipping IVoTi 



A very useful dictionary, which has long been wanted by French and English engineers. 



ELECTRIC SHIP-LIOHTINQ. 

A Handbook on the Practical Fitting and Running of Ships' Electrical Plant, 
for the Use of Shipowners and Builders, Marine Electricians and Sea-going 
Engineers in Charge. By J. W. Urqu hart, Author of "Electric Light," 
"Dynamo Construction," &c. Second Edition, Revised and Extended. 
326 pp., with 88 Illustrations. Crown 8vo, cloth. \.Just Published. 7/6 

MARINE ENGINEER'S POCKET-BOOK. 

Consisting of useful Tables and Formulae. By Frank Proctor, A. I.N. A. 
Third Edition. Royal 32mo, leather, gilt edges, with strap . . . 4/0 

" We recommend it to our readers as going far to supply a long-felt want."— A'atu/ Science 
" A most useful companion to all marine engineers."— 6^t/!e(^ Senrict Giutette. 

ELEMENTARY ENQINEERINQ. 

A Manual for Young Marine Engineers and Apprentices. _ In the Form of 
Questions and Answers on Metals, Alloys, Strength of Materials, Construction 
and Management of Marine Engines and Boilers, Geometry, &c., &c With 
an Appendix of Useful Tables. By J. S. Brewer. Crown 8vo, cloth . 1 /6 
" Contains much valuable information for the class for whom it is intended, especially in the 
c'lapters on the management of boilers and engines." — Nautical Magateine. 

PRACTICAL NAVIGATION. 

Consisting of The Sailor's Sea-Book, by James Greenwood and W. H. 
Rosser ; together with the exquisite Mathematical and Nautical Tables for 
the Working of the Problems, by Henry Law, C.E., and Professor J. R. 
Young. Illustrated. i2mo, strongly half-bound 7/0 

THE ART AND SCIENCE OF SAILMAKINQ. 

By Samuel B. Sadler, Practical Sailmaker, late in the employment of 
Messrs. Ratsey and Lapthorne, of Cowes and Gosport. With Plates and 

other Illustrations. Small 4to, cloth 1 22/6 

" This extremely practical work gives a complete education in all the branches of the manu- 
fkcture, cutting out, ropmg, seaming, and goring. It is copiously illustrated, and will form a first- 
rate text-book and gvAae."— Portsmouth Times, 

CHAIN CABLES AND CHAINS. 

Comprising Sizes and Curves of Links, Studs, &c.. Iron for Cables and Chains, 
Chain Cable and Chain Making^ Forming and Welding Links, Strength of 
Cables and Chains, Certificates for Cables, Marking Cables, Prices of Chain 
Cables and Chains, Historical Notes, Acts of Parliament, Statutory Tests, 
Charges for Testing, List of Manufacturers of Cables, &c., &c. By 
Thomas W. Traill, F.E.R.N., M.Inst.C.E., Engineer-Surveyor-in-Chiet, 
Board of Trade, Inspector of Chain Cable and Anchor Proving Establishments, 
and General Superintendent Lloyd's Committee on Proving Establishments. 
With ntmierous Tables, Illustrations, and Lithographic Drawings. Folio, 
doth, bevelled boards £2 2s. 



({ 



It contains a vast amount of valuable information. Nothing seems to be wanting to make it 
a complete and standard work of reference on the subject."— AiiMftVa/ Maganne. 
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MINING, METALLURGY, AND 
COLLIERY WORKING. 



THE METALLURGY OF GOLD. 

A Practical Treatise on the Metallurgical Treatment of Gold-bearing Ores. 
Including the Assaying, Melting, and Refinipg of Gold. By M. Eissler, 
Mining Engineer, A.I.M.E., Member of the Institute of Mining and Metal- 
lurgy. Author of " Modern High Explosives," "The Metallurgy of Silver," 
&c., &c. Fifth Edition, Enlarged and Re-arranged. With over 300 illustra- 
tions and numerous Folding Plates. Medium Svo, cloth. 

[Just Published. Net 21/0 

•' This book thorouj^hly deserves Its title of a ' Practical Treatise.' The whole process of eold 
milUn?, from the breaking of the quartz to the assay of the bullion, is described in clear and orderiy 
narrative and with much, but not too much, fulness of AtXsSX," —Saturday Review. 

" The work is a storehouse of information and valuable data, and we strongly recommend it 
to all professional men engaged in the gold-mining industry."— A/tntnf youmal, 

THE CYANIDE PR0CE55 OF QOLD EXTRACTION. 

Including its Practical Application on the Witwatersrand Gold Fields in South 
Africa. By M. Eissler, M.E., Author of "The Metallurgy of Gold," &c. 
With Diagrams and Working Drawings. Second Edition, Revised and En- 
larged. Svo, cloth 7/6 

" This book is just what was needed to acquaint mining men with the actual working of a 
process which is not only the n:ost popular, but is, as a general rule, the most successful for the 
extraction of gold from tailings."— J/««»>^ youmal. 

" The work will prove mvaluable to all interested In gold mining, whether metallurgists or as 
investors."— CAeMMv/ News. 

DIAMOND DRILLING FOR QOLD & OTHER MINERALS. 

A Practical Handbook on the Use of Modern Diamond Core Drills in Pro- 
specting and Exploiting Mineral-Bearing Properties, including Particulars of 
the Costs of Apparatus and Working. By G. A. Denny, M.N.E. Inst. M.E., 
M.I.M. and M. Author of ''The Klerksdorp Goldfields." Medium Svo, 
168 pp., with Illustrative Diagrams. [Just Published. 12/6 

" There is certainly scope for a work on diimond drilling, and Mr. Denny deserves grateful 
recc^nition for supplying a decided want. We strongly recommend every board of directors to 
carefully perus^the pages treating of the applicability of diamond drilling to auriferous deposits, and, 
under certain conditions, its advantages over shaft sinking for systematic prospecting, both from the 
surface and underground. The author has given us a valuable volume of eminently practical data 
that should be in the possession of those interested in mining." — Mining journal. 

" Mr. Denny's handbook is the first English work to give a detailed account of the use of 
modern diamond core-drills in searching for mineral deposits. The work contains much information 
of a practical character, including particulars of the cost of apparatus and of working."— A'iot/Mr^. 

FIELD TESTING FOR GOLD ANO SILVER. 

A Practical Manual for Prospectors and Miners. By W. H. Merritt, 

M.N.E. Inst. M.E., A.R.S.M., &c. With Photographic Plates and other 

Illustrations. Fcap. Svo, leather. \Just Published. Net 6/0 

"As an instructor of prospectors' classes Mr. Merritt has the advantage of knowing 
exactly the information likely to be most valuable to the miner in the field. The contents cover 
all the details of sampling and testing gold and silver ores. The work will be a useful addition to a 
prospector's kit." — Mining yotirnal. 

"It gives the gist of the author's experience as a teacher of prospectors, and is a book which 
no prospector could use habitufilly without finding it pan out yi€A..— Scotsman. 

THE PROSPECTOR'5 HANDBOOK. 

A Guide for the Prospector and Traveller in search of Metal- Bearing or other 
Valuable Minerals. By J. W. Anderson, M.A. (Camb.), F.R.G.S., Author 
of "Fiji and New Caledonia." Eighth Edition, thoroughly Revised and 
much Enlarged. Small crovm Svo, cloth, 3/6 \ or, leather, pocket-book form, 
with tuck. \Just Published. 4/6 

" win supply a much-felt want, especially among Colonists, in whose way are so often thrown 
many mineralegical specimens the vsilue of which it is difficult to detexmme."—£ngineer. 

"How to find commercial minerals, and how to identify them when thev are found, are the 
leading points to which attention is directed. The author has managed to pack as much practical 
detail into his pages as would supply miUerial for a book three times Its ^mo, —MiniM£ youmal. 

D 2 
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THE MBTALLURQY OF SILVER. 

A Practical Treatise on the Amalgamation, Roasting, and Lixiviation of Silver 
Ores. Including the Assaying, Melting, and Refining of Silver Bullion. By 
M. EissLBR. Author of ^'The Metallnrgy of Gold," &c Third Edition. 
Crown 8vo, doth < . 1 0/6 

" A practical treatise, and a technical work which we are convinced will supply a lonf -felt 
want amongst practical men, and at the same time be of ralue to students and others indirectly 
connected with the industries."— A/*»<ff£' youmaL 

" From first to last the book is thoroughly sound and reliable." — CoUUry datreUan. 

*' For chemists, practical miners, assayers, and investors alike we do not know of any work 
on the subject so handy and yet so comprehensive."— ^iiajg^w HeraU, 

THE METALLURGY OF ARQENTIFER0U5 LEAD. 

A Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of 
Lead Bullion. Including Reports on various Smelting Establishments and 
Descriptions of Modem Smelting Furnaces and Plants in Europe and America. 
By M. EissLER, M. E. , Author of ' ' The Metallurgy of Gold, " &c Crown 8vo, 
400 pp., with 183 Illustrations, cloth 12/6 

" The numerous metallurgical processes, which are fully and extensively treated of, embrace 
all the stages experienced in the passage of the lead from the various natural states to its issue firom 
the refinery as an article of commerce.— /'racMca/ Engineer. 

" The present volume fully maintains the reputation of the author. Those who wish to obtain 
a thorough insiflrht into the present state of this industry cannot do better than read this volume, and 
■U mhdnf engineers cannot fail to find many useful hints and suggestions in }lu"'—lndHstri€s. 

METALLIFEROUS MINERALS AND MINING. 

By D. C. Davies, F.G.S., Mining Engineer. Sixth Edition, thoroughly 
Revised and much Enlar^Ml by his Son, E. Henry Davies, M.E., F.G.S. 
600 pp., with 173 Illustrations. Large crown 8vo, cloth 

[Just Published. Net 12/6 
" Neither the practical miner nor the general reader, interested in mines, can have a better 
book for his compamon and his guide."— MiHiM£' youmal. 

" We are aotng our readers a service in calling their attention to this valuable work." — 
MiHinsr HTorld. 

"As a history of the present state of mining throughout the world this book has a real value, 
and it supplies an actual -m^BXJ'-'Atheiutum. 

MACHINERY FOR METALLIFEROUS MINES. 

A Practical Treatise for Mining Engineers, Metallurgists, and Managers of 
Mines. By E. Henry Davies, M.E., F.G.S. Crown 8vo, 580 pp., with 
upwards of 300 Illustrations, cloth. 1 2/6 

" Mr. Davies, in this handsome volume, has done the advanced student and the manager of 
mines good service. Almost every kind of machinery in actual use is carefully described, and the 
woodcuts and plates are gi3KiA."—Athetutum. 

" From cover to cover the work exhibits aU the same characteristics which excite the confi. 
dence and attract the attention of the student as he peruses the first page. The work may safely 
be recommended. By its publication the literature connected with the industry will be enriched 
and the reputation of its author enhanced."— itf*»»»v' youmal, 

EARTHY AND OTHER MINERALS AND MINING. 

By D. C. Davies, F.G.S., Author of " Metalliferous Minerals," &c. Third 
Edition, Revised and Enlarged hy his Son, E. Henry Davies, M.E., F.G.S. 
With about xoo Illustrations. Crown Bvo, cloth 1 2/6 

" We do not remember to have met with any English work on minina^ matters that contains 
the same amount of information packed in equally convenient form."— ^coamhjt. 

** We shotdd be incUned to rank it as amonf the very best of the handy technical and trades 
manuals which have recently appeared."— British Quarterly Revietu. 

BRITISH MINING. 

A Treatise on the History, Discovery, Practical Development, and Future 

Prospects of Metalliferous Mines in the United Kingdom. By Robert 

Hunt, F.R.S., late Keeper of Mining Records. Upwards of 950 pp., with 

230 Illustrations. Second Ekiition, Revised. Super-royal 8vo, cloth £2 2s. 

" The book is a treasure-house of statistical information on mining subjects, and we know of 

no other work embodying so great a mass of matter of this kind. Were this the only merit of 

Mr. Hunt's volume it would be sufficient to render it indispensable in the Ubrary of every one 

Interested in the development of the mining and metallurgical industries of this country."^ 

Athttututtt. 
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POCKET-BOOK FOR MINERS AND METALLURGISTS. 

Comprising Rules, Forxnalae, Tables, and Notes for Use 'in Field and Office 
Work. By F. Danvbrs Power, F.G.S., M.E. Second Edition, Corrected. 
Fcap. 8vo, leather. [Just Publishsd. 9/0 

" This excell e nt book is an admirable example of its kind, and ouglit to find a \axge sale 
amongst English-speaking^ prospectors and mining engineers."— i5n(f^i!w««rMtf. 

THE MINER'S HANDBOOK. 

A Handy Book of Reference on the subjects of Mineral Deposits, Mining 
Operations, Ore Dressing, &c. For the Use of Students and others interested 
in Mining Matters. By John Milns, F.R.S., Professor of Mining in the 
Imperial University of Japan. Revised Edition. Fcap. 8vo, leather . 7/6 

" Professor Milne's handbook is sure to be receiyed with favour by all connected with 
mining, and will be extremely popular among students."— A tMenaufH. 

THE IRON ORES of GREAT BRITAIN and IRELAND. 

Their Mode of Occurrence, Age and Origin, and the Methods of Searching for 
and Working Them. With a Notice of some of the Iron Ores of Spain. By 
J. D. Kendall, F.G.S., Mining Engineer. Crown 8vo, cloth . . 16/0 

" The author has a thorough practical knowledge of his subject, and has supplemented a 
carefiil study of the available literature by unpubUshed information derived firom his own o b ae r va» 
tions. The result is a very useful volume, which cannot fiUl to be of value to all Interested In the 
iron industry of the country."— /ndustHes. 

MINE DRAINAGE. 

A Complete Practical Treatise on Direct-Acting Underground Steam 
Pumping Machinery. By Stephen Michell. Second Edition, Re-written 
and Enlarged, 390 pp. With about 350 Illustrations. Royal 8vo, cloth. 

[Just Published. Net 26/0 

Summary of Contents :— Horizontal Pumping Engines.— Rotary and Non- 
Rotary Horizontal Engines.— Simple and Compound Steam pumps.— Vertical 
Pumping Engines.— Rotary and Non-Rotary Vertical Engines.— Simple and 
Compound steam pumps.— Triple-Expansion steam pumps.— pulsating Steam 
Pumps.— Pump Valves.— Sinking Pumps, &c., &c. 

" This volume contains an immense amount of important and interesting new matter. 
The book should undoubtedly prove of great use to all who wish for information on the sub- 
ject, inasmuch as the different patterns of steam pumps are not alone lucidly described and 
clearly illustrated, but in addition numerous tables are supplied, in which their sizes, capacity, 
price, &c., are set forth, hence facilitating immensely the rational selection of a pump to suit 
any purpose that the reader may desire, or, on the other hand, supplying him with useful 
information about any of the pumps that come within the scope of the volume."— 7!^ Ertgineer. 

THE COLLIERY MANAQER'5 HANDBOOK. 

A Comprehensive Treatise on the Laying-out and Working of Collieries, 
Designed as a Book of Reference for Colliery Managers, and for the Use of Coal 
Mining Students preparing for First-class Certificates. By Caleb Pamely, 
Mining Engineer and Surveyor ; Member of the North of England Institute of 
Mining and Mechanical Engineers ; and Member of the South Wales Institute 
of Mining Engineers. ^ With 700 Plans, Diagrams, and other Illustrations. 
Fourth Edition, Revised and Enlarged, medium 8vo, over 900 pp. 
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Strongly bound £1 6s. 

Summary op Contents :—Gbology.—Sbarch for Coal.— Mineral Lbasbs 
and other holdings.— shaft sinking.— fitting up the shaft and surface 
arrangements.— steam boilers and their fittings.— timbering and walling.— 
Narrow work and Methods of working. — underground Conveyance. — 
drainage.— the gases met with in mines ; ventilation.— on the friction op 
Air in Mines.— the pribstman Oil engine; Petroleum and Natural Gas.— 
surveying and planning.— safety lamps and firedamp detectors.— sundry 
and incidental operations and appliances.— colliery explosions.— miscel- 
laneous questions and answers.- .<^//«m<imr ; summary of report of h.m. 
commissioners on accidents in mines. 

" Mr. Pamely has not only given us a comprehensive refetence book of a very high order, 
suitable to the re(iuirements of mmii^ engineers and colliery managers, but has also provided 
minings students with a class-book that is as mterestins^ as it is instructive." — Colliery Manager. 

" Mr. Pamely's work is eminently suited to the purpose for which it is intended, being clear, 
interestinsf, exhaustive, rich in detail, and up to date, sfivinff descriptions of the latest machines in 
every department. A mining engineer could scarcely go wrong who followed this work."— Colliery 
Guardian, 

"This is the most complete 'all-round' woric on coal-mining published in the English 
language. ... No library of coal-mining books is complete without tt."— C«/Z<cry Engineer 
(Scranton, Pa., U.S.A.). 



a« CROSBY LOCKWOOD «* SON'S CATALOGUE. 



COLLIERY WORKING AND MANAGEMENT. 

Comprising the Duties of a Colliery Manager, the Oversight and Arrange- 
ment of Labour and Wages, and the di£ferent Systems of Working Coal 
Seams. By H. F. Bulman and R. A. S. Redmaynb. 350 pp., with 
38 Plates and other Illustrations, including Underground Photographs. 
Medium 8vo, cloth. [Just Published. 1 6/0 

" This is, indeed, an admirable Handbook for Colliery Manajfers, in fact it is an indispensable 
adjunct to a CoQiery Mana^j^er's education, as well as bei^ a mostvuseful and interesting work 
on the subject for all who in any way have to do with coal mining. The undefsrouod photographs 
are an attractive feature of the work, being wry lifelike and necessarily true representations of the 
scenes they depict." — Collitry Guardian. 

" Mr. Bulman and Mr. Redraayne, who are both experienced Colliery Managers of great 
literary ability, are to be congratulated on having supplied an authoritative work dealing with a side 
of the subject of coal minmg which has hitherto received but scant treatment. The authors 
elucidate their text by 119 woodcuts and a8 plates, most of the latter being admirable reproductions 
of photographs taken underground with the aid of the magnesium flash-light. These illustrations 
are ezceUent."— A'a/K^e. 

COAL AND COAL MINING. 

By the late Sir Warington W. Smyth, F.R.S., Chief Inspector of the 
Mines of the Crown. Eighth Exlition, Revised and Extended by T. Forstbr 
Brown, Mining Engineer, Chief Inspector of the Mines of the Crown and 
of the Duchy of Cornwall. Crown Svo, cloth. [Just Published, 3/6 

" As an outline is given of eveir known coal-field in this and other countries, as well as of the 

principal methods of working, the book will doubtless interest a very large number of readers."— 

Mining yournal, 

NOTES AND FORMUL/E FOR MINING STUDENTS. 

By John Herman Mbrivalb, M.A., Late Professor of Mining in the Durham 

College of Science, Newcastle-upon-Tyne. Fourth Edition, Revised and 

Enlarged. By H. F. Bulman, A.M.Inst.C.E. Small crown Svo, cloth. 2/6 

" The author has done his work in a creditable manner, and has produced a book that wiU 

be of service to students and those who are practically engaged in mining operations." — Engineer. 

INFLAMMABLE GAS AND VAPOUR IN THE AIR 

(The Detection and Measurement of). By Frank Clowes, D.Sc, Lond., 
F.I.C., Prof, of Chemistry in the University College, Nottingham. With a 
Chapter on The Detection and Measurement of Petroleum Vapour 
by Boverton Redwood, F.R.S.E., Consulting Adviser to the Corporation 
of London under the Petroleum Acts. Crown 8vo. cloth. rltt 6/0 

" Professor Clowes has given us a volume on a subject of much industrial importance . . . 
Those interested in these matters may be recommended to study this book, which is easy of compre- 
hension and contains many good things." — The Engineer. 

" A book that no mining engineer— certainly no coal miner— can afford to ignore or to leave 
xaatA^"— Mining yournal. 

COAL & IRON INDUSTRIES of the UNITED KINGDOM. 

Comprising a Description of the Coal Fields, and of the Principal Seams of 
Coal, with Returns of their Produce and its Distribution, and Analyses of 
Special Varieties. Also, an Account of the Occurrence of Iron Ores in Veins <w 
Seams ; Analyses of each Variety ; and a History of the Rise and Progress of 
Pig Iron Manufacture. By Richard Meade. Svo, cloth . . £1 8s. 
"Of this book we may unreservedly s.iy that it is the best of its class which we have ever 

met. ... A book of reference which no one engaged in the iron or coal trades should omit from 

his library."— /fVM and Coal Trades Review. 

ASBESTOS AND ASBESTIC. 

Their Properties, Occurrence, and Use. By Robert H. Tones, F.S.A., 
Mineralogist, Hon. Mem. Asbestos Club, Black Lake, Canada. With 
Ten Collotype Plates and other Illustrations. Demy Svo, cloth. , 

[Just Published. 16/0 

" An interesting and invaluable work."— Colliery Guardian. 

GRANITES AND OUR GRANITE INDUSTRIES. 

By George F. Harris, F.G.S., Membre de la Soci^t^ Beige de Gtoloeie, 
Lecturer on Economic Geology at the Birkbeck Institution, &c. With Illus- 
trations. Crown Svo, cloth 2/6 

" A clearly and well-written manual for persons engaged or Interested In the granite Industiy." 
— Scotsman. 

TRAVERSE TABLES. 

For use in Mine Surveying. By W. Lintern, Mining Engineer. Crown 
Svo, cloth. [Jusi PublUhed. Net S/Q 
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SUBMARINE TELEGRAPHS. 

Their History, Constructioi), and Working. Founded in parton Wunschkn- 
dorff's " Trait6 de Telegraphic Sous-Marine," and Compiled from Authorita- 
tive and Exclusive Sources. By Charles Bright, F.R.S.E. Super-royal 
8vo, about 780 pp., fully Illustrated, including Maps and Folding Plates. 

[Just Published. Net £3 Sg, 

" There are few, if any, persons more fitted to write a treatise on submarine telegfraphy than 
Mr. Charles Brigfht. The author has done his work admirably, and has written in a way which will 
appeal as much to the layman as to the engineer. This admirable volume must, for many years to 
come, hold the position of the English classic on submarine telegraphy."— £n^'n/«r. 

" This book is full of information. It makes a book of reference which should be in every 
engineer's library. "o^a/Mr^. 

"Mr. Bright's interestiiufly written and admirably illustrated book will meet with a welcome 
reception from cable men." — Eltctrician. 

" The author deals with his subject from all points of view— political and strategical as well as 
scientific. The work will be of interest, not only to men of science, but to the general public. We 
can strongly recommend it." — Athenaum. 

" The work contains a great store of technical information concerning the making and work- 
ing of submarine telegraphs. In bringing together the most valuable results relating to the evolu- 
tion of the tel^fraph, the author has rendered a service that will be very widely appreciated."— ^ 
Moming^ Post. 

DYNAMO ELECTRIC MACHINERY. 

Its Ccnstruction, D,sign, and OperaMon (Direct Current Machines). By 
Samuel Sheldon*, A.^I , Ph.D., assisted by H. Mason, B S. Second 
Edition, Revised. L.:^'^^ crown 8vo, cloth. With 202 illustrations. 

\Just Fublisfied. Net 10/6 

THE ELECTRICAL ENGINEER'S POCKET-BOOK. 

Consisting of Modern Rules, Formula, Tables, and Data. By H. R. Kempe, 
M.Inst.E.E., A.M.Inst.C.E., Technical Officer Postal Telegraphs, Author of 
"A Handbook of Electrical Testing," " The Engineer's Year-Book," &c. 
Second Edition, thoroughly Revised, with Additions. With numerous Illus- 
trations. Royal 33mo, oblong, leather 6/0 

" It is the best boolc of its )K3SiA."—EUctrical Engineer. 

" The Electrical Engineer's Pocket-Book is a good oa^"— Electrician. 

" Strongly recommended to those engaged in the electrical industries."— fiSr</rt^a/ Review. 

ELECTRIC LIGHT FITTING. 

A Handbook for Working Electrical Engineers, embodyiag Practical Notes on 
Installation Management. By J. W. Urquhart, Electrician, Author of 
"Electric Light," &c With numerous Illustrations. Third Edition, 
Revised, with Additions. Crown 8vo, cloth. \]uit Published. 6/0 

" This volume deals with what may be termed the mechanks of electric lighting, and is 
addressed to men who are already engaged in the work, or are training for it. The work traverses 
a great deal of ground, and may be r^id as a sequel to the same author's useful work on ' Electric 
L^ht ' "—EUctrician, 

ELECTRIC LIGHT. 

Its Production and Use, Embodying Plain Directions for the Treatment of 
Dynamo-Electric Machines, Batteries, Accumulators, and Electric Lamps. 
By J. W. Urquhart, C.E. Sixth Exlition, Revised, with Additions and 145 
Illustrations. Crown 8vo, cloth. [/ms^ Published. 7/6 

" The whole ground of electric lighting is more or leas covered and explained in a very dear 
and concise manner." — Electrical Review. 

"A vade-nucum of the salient focts connected with the science of dectric lighting."— 
Electrician. 

DYNAMO CONSTRUCTION. 

A Practical Handbook for the Use of En^neer-Constmctors and Electricians- 
in-Charge. Embracing Framework Building, Field Magnet and Armature 
Winding and Grouping, Compounding, &c By J. W. XJrqohart. Second 

Edition, Enlarged. Crown 8vo, cloth 7/6 

" Mr. Urquhart's book is the first one which deals with these matters in such a way that the 
engineering student can understand them. The book is veiy readable, and the author leads his 
readers up to difficult subjects by reasonably simple tests."— Engineering Review. 
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THE MANAQEMENT OF DYNAMOS. 

A Handy Book of Theory and Practice for the Use of Mechanics, Engineers, 

Students, and others in Charge of Dynamos. By G. W. Lummis-Patbrson. 

Second Edition, thoroughly Revised and Enlarged. With numerous lUustra- 

tions. Crown 8vo, cloth. l/ust Puiflishtd. 4/6 

" An example which deserves to be taken as a model by other authors. The subject is treated 

In a manner which any intelligent man who is fit to be entrusted with chargfe of an en^e should 

be able to understaad. It is a useful book to all who make, tend, or employ electric machinery." 

—Archiua. 

THE STANDARD ELECTRICAL DICTIONARY. 

A Popular Encyclopaedia of Words and Terms Used in the Practice of Electrical 
Engineering.^ By T. O'Conor Sloans, A.M., Ph.D. • Second Edition, 
with Appendix to date. Crown 8vo, 680 pp., 390 Illustrations, cloth. 

[/!«/ Published. 7/6 

" The work has many attractive features In It, and is, beyond doubt, a well put tc^ether and 
useful publication. The amount of nound covered may be gathered from the fact that in the index 
about 5,600 references wiQ be faua^—Ekctrical Review, 

ELECTRIC SHIP-LIQHTINQ. 

A Handbook on the Practical Fitting and Running of Ships' Electrical Plant. 
For the Use of Shipowners and Builders, Marine Electricians, and Seagoing 
Engineers-in-Charge. Byjf. W. Urquhart, C.E. Second Edition, Revised 
and Extended. 326 pp., with 88 Illustrations, Crown 8vo, cloth. 

\Ju5t Published, 7/6 
"The subject of ship electric lighting is one of vast importance, and Mr. Urquhart is to be 
highly complimented for placing such a valuable work at the service of marine electricians."— rXw 
Steamshif. 

ELECTRIC LIGHT FOR COUNTRY HOUSES. 

A Practical Handbook on the Erection and Running of Small Installations, 

with Particulars of the Cost of Plant and Working. By J. H. Knight. 

Third Edition, Revised. Crown 8vo, wrapper. [/«£< Publisfud. 1 /O 

" The book contains excellent advice and many practical hints for the help of those who wish 
to light their own hous9&."Suildi»£ News. 

ELECTRIC LIQHTINQ (ELEMENTARY PRINCIPLES OF). 

By Alan A. Campbell Swinton, M.InstCE., M.Inst.E.E. Fourth Edition, 

Revised. With 16 Illustrations. Crown 8vo, cloth. [Just Published. 1/6 

" Any one who desires a short and thorough^ clear exposition of the elementary principles of 
electric lighting cannot do better than read this Uttie work."— £ni<&S>n^ Observer. 

DYNAMIC ELECTRICITY AND MAGNETISM. 

By Philip Atkinson, A.M., Ph.D.j Author of "Elements of Static 
Electricity," &c. Crown 8vo, 417 pp., with lao Illustrations, cloth . 10/6 

POWER TRANSMITTED BY ELECTRICITY 

And applied by the Electric Motor, including Electric Railway Construction. 
By P. Atkinson, A.M., Ph.D. With 96 Illustrations. Crown 8vo, cloth 7/6 

HOW TO MAKE A DYNAMO. 

A Practical Treatise for Amateurs. Containing numerous Illustrations and 
Detailed Instructions for Constructing a Sm^l Dynamo to Produce the 
Electric Light. By Alfred Crofts. Sixth Edition, Revised and Enlarged. 
Crown 8vo, cloth. [/m5/ Published. 2/0 

" The instructions given in this unpretentious little book are sufficiently clear and explicit to 

enable any amateur mechanic possessed of average skill and the usual tools to be found in an 

amateur's workshop to build a practical dynamo maicbiae."— Electrician. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. 

By H. M. NoAD, F.R.S. Cheaper Edition. 650 pp., with 470 Illustrations. 
Crown $vo, cloth Q/Q 
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PRACTICAL BUILDING CONSTRUCTION. 

A Handbook for Students Preparing for Examinations, and a Book of 
Reference for Persons Engaged in Building. By John Parnell Allbn, 
Surveyor, Lecturer on Building Construction at the Durham College of 
Science, Newcastle-on-Tyne. Third Edition, Revised and Enlarged. 
Medium 8vo, 450 pp., with x,ooo Illustrations, cloth. [Just Published. 7/6 

" The most complete exposition of building construction we have seen. It contains all that is 
necessary to prepare students for the various examinations in building construction."— i9M»A/»^ 
News. 

" The author depends nearly as much on his diagrams as on his tjrpe. The pages suggest 
the hand of a man of experience in building operations— and the volume must be a olessing to 
many teachers as well as to students."— 77k Architect. 

" The work is sure to prove a formidable rival to great and small competitors alike, and 
bids fair to take a permanent place as a favourite student's text-book. The large number of illus- 
trations deserve particular mention fur the great merit they possess for purposes of reference in 
exactly corresponding to convenient x9le&."-~yourHal^the k^ailMStiiuit ^ British ArcMittcts. 

PRACTICAL MA50NRY. 

A Guide to the Art of Stone Cutting. Comprising the Construction, Setting 
Out, and Working of Stairs, Circular Work, Arches, Niches, Domes, Penden- 
lives. Vaults, Tracery Windows, &c., &c. For the Use of Students, Masons, 
and other Workmen. By William R. Purchase, Building Inspector to the 
Borough of Hove. Third Edition, with Glossary of Terms. Royal 8vo, 142 pp., 
with 53 Lithographic Plates, comprising nearly 400 separate Diagrams, 
cloth. {Just Published. 7/6 

"Mr. Purchase's ' Practical Masonrv ' will undoubtedly be found useful to all interested in 
this important subject, whether theoretically or practically. Most of the examples given are from 
actual work carried out, the diagrams being carefully drawn. The book is a practical treatise on 
the subject, the author himself having commenced as an operative mason, and afterwards acted as 
foreman mason on mar.v large and important buildings prior to the attainment of his present 
position. It should be found of general utility to architectural students and others, as well as to 
those to whom it is specially addressed."— 7<>Mr»a/ o/tht Royal Institute 0/ British Architects. 

MODERN PLUMBING, STEAM AND HOT WATER 

HEATING. 

A New Practical Work for the Plumber, the Heating Engineer, the Architect, 
and the Builder. By J. J. Lawler, Author of " American Sanitary Plumbing," 
&c. With 284 Illustrations and Folding Plates. 4to, cloth. 

[Just Published. Net 21/- 

HEATINQ BY HOT WATER. 

With Information and Suggestions on the best Methods of Heating Publict 
Private and Horticultural Buildings. By Walter Jones. Second Edition. 
With 96 Illustrations, crovm 8vo, cloth Ntt 2/6 

" We confidently recommend all interested in heating by hot water to secure a copy of this 
valuable Uttle treatise.^'— The Pium^er and Decorator. 

CONCRETE: ITS NATURE AND USES. 

A Book for Architects, Builders, Contractors, and Clerks of Works. ^ By 
George L. Sutcliffb, A.R.I. B.A. 350 pp., with numerous Illustrations. 
Crown Svo, cloth 7/6 

" The author treats a diflScult subject in a lucid manner. The manual fills a long-felt gap. 
It is careful and exhaustive ; equally useful as a student's guide and an aictiitect^ book of 
reference."— 7(9Mr»a/ o/'the Royal Institute 0/ British Architects. 

" There is room for this new book, wliich will probably be for some time the standard work 
on the subject for a builder's ptttpoae."— Glasgow HertM. 

LOCKWOOD'S BUILDER'S PRICE BOOK for 1901. 

A Comprehensive Handbook of the Latest Prices and Data for Builders, 
Architects, Engineers, and Contractors. Re*constructed, Re-written, and 
Greatly Enlarged. By Francis T. W. Miller. Boo closely-printed pages, 
crown Svo, cloth 4/0 

" This book is a very useful one. and should find a place in every English oflSce connected 
with the building and engmeering ^xol9saaoiD&."— Industries. 

" An exceuent book of reference."— ^ncA^c^. 

" In its new and revised form this Price Book is what a work of this kind should be— compre- 
hensive, reliable, well arranged, legible, and well bound. —British Architect. 
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THE DECORATIVE PART OF CIVIL ARCHITECTURE. 

By Sir William Chambbrs, F.R.S. With Portrait, Illustrations, Notes, and 
an Examination op Grbcian Architbcturb, by Joseph Gwilt, F.S.A. 
Revised and Edited by W. H. Leeds. 66 Plates, 4to, cloth . . 21 /O 

THE MECHANICS OF ARCHITECTURE. 

A Treatise on Applied Mechanics, especially Adapted to the Use of Architects. 
By E. W. Tarn, M.A., Author of '^ The Science of Building," &c. Second 
Edition, Enlarged. Illustrated with 125 Diagrams. Crown 8vo, cloth 7/6 
" The book is a very useful and helpful manual of architectural mechanics. "—^wt-W^r. 

A HANDY BOOK OF VILLA ARCHITECTURE. 

Being a Series of Designs for Villa Residences in various Styles. With 

Outline Specifications and Estimates. By C. Wickbs, Architect. 61 Plates, 

4to, half-morocco, gilt edges £1 lis. 6o. 

" The whole of the designs bear evidence of their bein^r the work of an artistic architect, and 
they will prove very valuable and suggestive"— Bui/diMg' Newt. 

THE ARCHITECT'S GUIDE. 

Being a Text-book of Useful Information for Architects, Engineers, Surveyors, 
Contractors, Clerks of Works, &c., &c By Frederick Rogers, Architect. 
Third Exlition. Crown 8vo, cloth 3/6 

ARCHITECTURAL PERSPECTIVE. 

The whole Course and Operations of the Draughtsman in Drawing a Large 

House in Linear Perspective. Illustrated by 43 Folding Plates. By F. O. 

Ferguson. Second Edition, Enlarged. 8vo, boards .... 3/6 

" It is the most intellieible of the treatises on this ill-treated subject that I have met with.' — 
E. INGRESS BELL, ESQ., in the R.I.B.A. Journal. 

PRACTICAL RULES ON DRAWING. 

For the Operative Builder and Young Student in Architecture. By George 
Pyne. 14 Plates, 4to, boards 7/6 

MEASURING AND VALUING ARTIFICER'S WORK 

(The Student's Guide to the Practice oO> Containing Directions for^ taking 
Dimensions, Abstracting the same, and bringing the Quantities into Bill, with 
Tables of Constants for Valuation of Labour, and for the Calculation of Areas 
and Solidities. Originally edited by E. Dobson, Architect. With Additions 
by £. W. Tarn, M.A. Seventh Edition, Revised. With 8 Plates and 
63 Woodcuts. Crown 8vo, cloth. {.Ji^st Published. 7/6 

" This edition will be found the most complete treatise on the principles of measuring and 
v.nluing artificer's work that has yet been published."— ^w^A^tMi^Aineu. 

TECHNICAL GUIDE, MEASURER, AND ESTIMATOR. 

For Builders and Surveyors. Containing Technical Directions for Measuring 
Work in all the Building Trades, Complete Specifications for Houses, Roads, 
and Drains, and an Easy Method of Estimating the parts of a Building 
collectively. By A. C. Beaton. Ninth Edition. Waistcoat-pocket size, 

gilt edges 1/6 

" No builder, architect, surveyor, or valuer should be without his ' Beaton.' "—Suildimg News. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay 

on the Structure and Science of Modem Buildings. Upon the Basis of the 

Work by Alfred Bartholomew, thoroughly Revised, Corrected, and greatly 

added to by Frederick Rogers, Architect. Third Edition, Revised. Svo, 

cloth 16/0 

" The work is too well known to need any recommendation firom us. It is one of the books 
with which every young architect must be equipped."—- ^rcMSecC 

THE HOUSE-OWNER'S ESTIMATOR. 

.Or, What will it Cost to Build, Alter, or Repair ? A Price Book for Un- 
professional People as well as the Architectural Surveyor and Builder. By 
J. D. Simon. Edited by F. T. W. Miller, A.R.I.B.A. Fifth Edition, 
Carefully Revised. Crown 8vr, cloth. [Just Published. Net 3/6 

" In two years it will repay its cost a hundred times o\ct."-- Field. 



SANITATION AND WATER SUPPLY. 27 

SANITATION AND WATER SUPPLY. 
THE PURIFICATION OF SEWAGE- 

Being a Brief Account of the Scientific Principles of Sewage Purification, and 
their Practical Application. By Sidney Barwisb, M.D. (Lond.)> M.R.C.S., 
D.P.H. (Camb.), Fellow of the Sanitary Institute, Medical Officer of Health 
to the Derbyshire County Council. Crown 8vo, cloth, l/ust Pitblished. 6/0 
" ' What process shall we adopt to purify our sewag^e t ' This question has rarely been treated 

from so many points of view in one book. This volume teems with practical hints, which show the 

intimate knowledge the author has of his subject."— 7"*^ Engineer. 

WATER AND IT5 PURIFICATION. 

A Handbook for the Use of Local Authorities, Sanitary Officers, and others 
interested in Water Supply. By S. Rideal, D.Sc. Lond., F.I.C. With 
numerous Illustrations and Tables. Crown 8vo, cloth. \Jmt Published. 7/6 

" Dr. Rideal's book is both interestine and accurate, and contains a most useful r/sum/ of 
the latest knowledge upon the subject of which it treats."— 7"A« En^neer. 

RURAL WATER SUPPLY. 

A Practical Handbook on the Supply of Water and Construction of Water- 
works for Small Country Districts. By Allan Grbbnwsll, A.M.I.C.E., 
andW. T. Curry, A.M.I.C.E. Revised Edition. Crown 8vo, cloth 6/0 

" We conscientiously recommend it as a very useful book for those concerned in obtaining 
water for small districts, giving a great deal of practical information in a small compdss,''—Buildtr. 

THE WATER SUPPLY OF CITIES AND TOWNS. 

By William Humber, A.M. Inst. C.E., and M.Inst. M.E. Imp. 4to, half- 
bound morocco. (See page II.) Net k6 68. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STRUCTION OF WATER-WORK5. 

By Professor W. K. Burton, A.M. Inst. C.E. Second Edition, Revised 
and Extended. Royal 8vo, cloth. (See page lo ) . . . . 25/0 

WATER ENGINEERING. 

A Practical Treatise on the Measurement, Storage, Conveyance, and Utilisa« 
tion of Water for the Supply of Towns. By C. Slagg, A.M. Inst. C.E. 7/6 

SANITARY WORK IN SMALL TOWNS AND VILLAGES. 

By Charles Slagg, A. M. Inst. C.E. Crown 8vo, cloth . . 3/0 

SANITARY ARRANGEMENT OF DWELLING-HOUSES. 

By A. J. Wallis-Tayler, A.M.Inst.C.E. Crown 8vo, cloth . . 2/6 

MODERN PLUMBING, STEAM AND HOT WATER 

HEATING. 

A New Practical Work for the Plumber, the Heating Engineer, the Architect, 
and the Bui'der. By J. J. Lavvler, Author of "American Sanitary Plumbing,' 
&c. With 284 Illustrations and Folding Plates. 4to, cloth. 

[ Just Fitbiished (see page 25). Net 21 /  

PLUMBING. 

A Text-book to the Practice of the Art or Craft of the Plumber. By W. P. 
BucHAN, R.P. Eighth Edition, Enlarged. Crown 8vo, cloth . . 3/6 

VENTILATION. 

A Text-book to the Practice of the Art of Ventilating Buildings. By W. P. 
BuCHAN, R.P. Crown 8vo, cloth 3/6 

THE HEALTH OFFICER'S POCKET-BOOK. 

A Guide to Sanitary Practice and Law. For Medical Officers of Health, 
Sanitary Inspectors, Members of Sanitary Authorities, &c. By Edward 
F. WiLLOUGHBY, M.D. (Lond.), &c. Fcap. 8vo, cloth .... 7/6 

" A mine of condensed information of a pertinent and useful kind on the various subjects of 
which it treats. The different subjects are succinctly but fully and scientifically dealt with."— rA« 
Lancek 
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CARPENTRY, TIMBER, &c. 



THE ELEMENTARY PRINCIPLES OF CARPENTRY, 

A Treatise on the Pressure and Ekjuilibrium of Timber Framing, the Resistance 
of Timber, and the Construction of Floors, Arches, Bridges, Roofs, Uniting 
Iron and Stone with Timber, &c. To which is added an Essay on the Nature 
and Properties of Timber, &c., with Descriptions of the kinds of Wood used 
in Building; also numerous Tables of the Scantlings of Timber for different 
ptuposes, the Specific Gravities of Materials, &c. By Thomas Trbdgold, C.£. 
With an Appendix of Specimens of Various Roofs of Iron and Stone, Illus- 
trated. Seventh Edition, thoroughly Revised and considerably Enlarged by 
£. Wyndham Tarn, M.A., Author of "The Science of Building," &c 
With 6i Plates, Portrait of the Author, and several Woodcuts. In One large 

Vol., 4to, cloth 26/0 

" Oug^ht to be in every architect's and every bunder's Hhnry ."^Builder. 

"A work whose monumental excellence must commend it wherever skilful ca r pe n tr y Is 

concerned. The author's principles are rather confirmed than impaired by time. The adifiticMial 

plates are of great intrinsic rdlae."—Buildifi£- Ntws. 

WOODWORKING MACHINERY. 

Its Rise, Progress, and Construction. With Hints on the Management of Saw 
Mills and the Economical Conversion of Timber. Illustrated with Examples 
of Recent Designs by leading English, French, and American Engineers. Bv 
M. Powis Bale, A.M.Inst.C.£., M.I.M.E. Second Eklition, Revised, 
with large Additions, large crown 8vo, 440 pp., cloth .... 9/0 

" Mr. Bale is evidently an expert on the subject, and he has collected so much information 
that his book is all-sufficient for builders and others engfaged in the conversion of timber. "—Architect. 

"The most comprehensive compendium of wood- working machinery we have teen. Tha 
author is a thorou|rh master of his wah^ucX."— Building News. 

SAW MILLS. 

Their Arrangement and Management, and the Economical Conversion of 

Timber. By M. Powis Bale, A.M.Inst.C.£. Second Edition, Revised. 

Crown 8vo, cloth. [Just Published. 10/6 

" The admintstraHoH of a larse sawing estabyshment is discussed, and the subject examined 

flrom a financial standpoint. Hence the size, shape, order, and disposition of saw mills and the like 

are gone into in detail, and the course of the timber is traced from its reception to its delivery in its 

converted state. We could not desire a more complete or practical tnatisn,"—BitiUltr. 

THE CARPENTER'S GUIDE. 

Or, Book of Lines for Carpenters ; comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the late Pbter 
Nicholson's standard work. A New Edition, Revised by Arthur Ashpitbl, 
F.S.A. Together with Practical Rules on Drawing, by Gborgb Pynb. 
With 74 Plates, 4to, cloth £1 1 «. 

A PRACTICAL TREATISE ON HANDRAILINQ. 

Showing New and Simple Methods for Finding the Pitch of the Plank, Drawing 
the Moulds, Bevelling, Jointing-up, and Squaring the Wreath. ^ By^ Gborgb 
CoLLiNGS. Second Edition, Revised and Emarged, to which is added 
A Trbatisb on Stair-building. With Plates and Diagrams . . 2/6 

" Will be found of practical utility in the execution of this difficult branch d jouMry. "—Buiider. 
" Almost every difficult phase of this somewhat intricate branch of Joinery is elucidated by 
the aid of plates and explanatoiy letterpress."— /^wr»*/Mfv Gajgette. 

CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work of Single and Double Curvature. By 
Gborgb Collings. With Diagrams. Third Edition, zamo, cloth . 2/6 

" An excellent example of what a book of this Und should be. Cheap In price, deer in 

definition, and practical in the examples selected."— Bui/der. 

THE CABINET-MAKER'5 GUIDE TO THE ENTIRE 

CONSTRUCTION OP CABINET WORK. 

By Richard Bitmbad. Illustrated with Plans, Sections and Working 
Drawings. Crown 8vo, cloth. [Just Publis^ied. 2/6 
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HANDRAILINQ COMPLETE IN EIQHT LESSONS. 

On the Square-Cut System. By J. S. Goldthorp, Head of Building 
Department, Halifax Technical School. With Eight Plates and over 150 
Practical Exercises. 4to, cloth 3/6 

" Likely to be of considerable value to joiners and others who take a pride in good work. 
The arrangement of the book is excellent. We heartily conunend it to teachers and students."— 
Timber Trades youmal, 

TIMBER MERCHANT'S and BUILDER'S COMPANION. 

Containing New and Copious Tables of the Reduced Weight and Measure- 
ment of Deals and Battens, of all sizes, from^ One to a Thousand Pieces, and 
the relative Price that each size bears per Lineal Foot to any given Price per 
Petersburgh Standard Hundred ; the Price per Cube Foot of Square Timber 
to any given Price ^ftt Load of 50 Feet, &c., &c. Bv William Dowsing. 
Fourth Edition, Revised and Corrected. Crown 8vo, cloth . . 3/0 

" We are glad to see a fourth edition of these admirable tables, which for correctness and 
simplicity of arrangement leave nothing to be desired."— TVmter Trades y<mmal. 

THE PRACTICAL TIMBER MERCHANT. 

A Guide for the Use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for ^all purposes connected with the Timber Trade, 
Marks of Wood,' Essay on the Strength of Timber, Remarks on the Growth of 
Timber, &c. By W. Richardson. Second Edition. Fcap. 8vo, cloth . 3/6 

"Contains much valuable information for timber merchants, builders, foresters, and all 
others connected with the growth, sale, and manufacture of ^m\xs."—youmal q/' Forestry. 

PACKINQ-CASE TABLES. 

Showing the number of Superficial Feet in Boxes or Packlng-Cases, from six 
inches square and upwards. By W. Richardson, Timber Broker. Third 

iklition. Obiong 4to, cloth 3/6 

" Invaluable labour-saving Xa\Aei."—IrontHon£er. 

GUIDE TO SUPERFICIAL MEASUREMENT. 

Tables calculated from z to 300 inches in length by i to 108 inches in breadth. 

For the use of Architects, Surveyors, Engineers, Timber: Merchants, 

Builders, &c. By Jambs Hawkings. Fourth Edition. Fcap., cloth . 3/6 

" A useful collection of tables to facilitate rapid calculation of surfaces. The exact area of 
any surface of which the limits have been ciscertained can be instantlv determined. The book will 
be found of the greatest utility to all engaged in building o^exA^ons.— Scotsman. 

PRACTICAL FORESTRY. 

And its Bearing on the Improvement of Estates. ^ By Charles E. Curtis, 
F.S.I., Professor of Forestry, Field .Engineering, and General Estate 
Management, at the College of Agriculture, Downton. Second Edition, 
Revised. Crown 8vo, cloth. [Ji^t Published. 3/6 

summary of contents : — prefatory remarks. — objects of planting.— 
Choice of a Forester.— Choice of Soil and Site.— Laying Out of Land for 
Plantations.— PREPARATION of the ground for planting. —Drainage.— Plant- 
ing.— Distances AND DISI RIBUTION OF TREES IN PLANTATIONS.— TREES AND GROUND 

Game.— Attention after Planting.— Thinning of plantations — Pruning of 
Forest trees.— realization.— methods of Sale.— measurement of Timber.— 
me'Xsurement and Valuation of Larch plantation.— Fire Lines.— Cost of 
Planting. 

" Mr. Curtis has in the course of a series of short pithy chapters afforded much informa- 
tion of a useful and practical character on the planting and subsequent treatment of trees."— 
Illustrated Carpenter and Builder. 

THE ELEMENTS OF FORESTRY. 

Designed to afford Information concerning the Planting and Care of Forest 
Trees for Ornament or Profit, with suggestions upon the Creation and Care of 
Woodlands. By F. 6. Hough. Large crown 8vo, cloth ... 1 0/0 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 

AND BUILDER'S STANDARD QUIDB. 

By Richard £. Grandt. Comprising :— An Analysis of Deal Standards, 
Home and Foreign, with Comparative Values and Tabular Arrangements for 
fixing Net Landed Cost on Baltic and North American Deals, including all 
intermediate Exptenses, Freight, Insurance, &c. ; together with copious Informa- 
tion for the Retailer and Builder. Thud Edition, xamo, cloth . 2/0 
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DECORATIVE ARTS, &c. 



SCHOOL OF PAINTING FOR THE IMITATION OF 

WOODS AND MARBLES. 

As Taught and Practised by A. R. Van dbr Burg and P. Van der Burg, 

Directors of the Rotterdam Painting Institution. Royal folio, 18} by 12^ in., 

Illustrated with 24 full-size Coloured Plates ; also 12 plain Plates, comprising 

154 Figures. Third Edition, cloth. [Just Published. £1 lis. 6d. 

List of plates :— i. Various Tools Required for Wood Painting.— a, 3. Walnut ; 
preliminary stages op graining and finished specimen.— 4. tools used for 
Marble Painting and Method of Manipulation.— 5, 6. St. Remi Marble; 
Earlier Operations and Finished Specimen. — 7. Methods of Sketching 
Different Grains. Knots, &c.— 8, 9. ash: Preliminary Stages and Finished 
Specimen.— 10. Methods of Sketching Marble Grains.— ix, xa. Breche Marble ; 
Preliminary Stages of Working and Finished specimen.— 13. Maple ; Methods 

OF PRODUCING THE DIFFERENT GRAINS.— 14, 15. BIRD'S-EYB MAPLE; PRELIMINARY 
stages and FINISHED SPECIMEN.— 16. METHODS OF SKETCHING THE DIFFERENT 
SPECIES OF WHITE MARBLE.— 17, x8. WHITE MARBLE ; PRELIMINARY STAGES OF 
PROCESS AND FINISHED SPECIMEN.— 19. MAHOGANY ; SPECIMENS OF VARIOUS GRAINS 
AND METHODS OF MANIPULATION. —ao, ai. MAHOGANY; EARLIER STAGES AND 

Finished specimen.— aa, 33, 34. Sienna Marble ; Varieties of Grain, preliminary 
Stages and Finished Specimen.— as, a6, a?. Juniper Wood; Methods of Pro- 
ducing Grain, &c. ; preliminary Stages and finished Specimen.— s8, 39, 30. Vert 
DE Mer Marble; Varieties of Grain and methods of working. Unfinished 
AND Finished Specimens.— 31, 33, 33. Oak ; Varieties of Grain, Tools Employed 
AND Methods of Manipulation, Preliminary stages and Finished Specimen.-. 

tu 35. 36. Waulsort Marble; Varieties of Grain, Unfinished and Finished 
PBCIMENS. 

" Those who desire to attain skill in the art of painting woods and marbles will find advantage 
in consulting this book. . . . Some of the Worldng Men's Clubs should give their young men 
the opportunity to study W— Builder. 

" A comprehensive guide to the art The explanations of the processes, the manipulation 
and management of the colours, and the beautifully executed plates will not be the least valuable to 
the student who aims at making bis work a faithful transcript of nature." — Building News. 

" Students and novices are fortunate wlio are able to become the possessors of so noble a 
work."— rA« ArchUett. 

ELEMENTARY DECORATION. 

A Guide to the Simpler Forms of Everyday Art. Together with PRACTICAL 
HOUSE DECORATION. By Jambs W. Facky. With numerous Illus- 
trations. In One Vol., strongly hsdf*bound ff /O 

H0U5E PAINTING, QRAININQ, MARBLING, AND 

SIQN WRITING. 

A Practical Manual of. By Ellis A. Davidson.- Eighth Edition. With 
Coloured Plates and Wood Engravings. i2mo, cloth boards . . . 6/0 
" A mass of information of use to the amateur and of value to the practical vaasu"— English 
Mechanic, 

THE DECORATOR'5 ASSISTANT. 

A Modem Guide for Decorative Artists and Amateurs, Painters, Writers, 

Gilders, &c. Containing upwards of 600 Receipts, Rules, and Instructions ; 

with a variety of Information for General Work connected with every Clas.s of 

Interior and Exterior Decorations, &c. Seventh Edition. 152 pp., cr. 8vo. 1 /O 

" Full of receipts of value to decorators, painters, gilders, &c. The book contains the gist of 
larger treatises on colour and technical processes. It would be difficult to meet with a work so full 
of varied infonnation on the painter s axu"— Building News. 

MARBLE DECORATION 

And the Terminology of British and Foreign Marbles. A Handbook for 
Students. By Gborgb H. Blagrovb, Author of " Shoring and its Applica- 
tion," &c. With 28 Illustrations. Crown 8vo, cloth .... 3/6 

" This most useful and much wanted handbook should be in the hands of every architect and 
hoMet."— Building IVorU. 

A carefully and usefully written treatise ) the work is essentially practical."— 5<:<'/'jmaM. 
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DELAMOTTE'8 WORKS ON ALPHABETS AND 

ILLUMINATION. 



ORNAMENTAL ALPHABETS, ANCIENT & MEDIiCVAL. 

From the Eighth Centtuy, with Numerals; including Gothic, Church-Text, 
large and small, German, Italian, Arabesque, Initials for Illumination, 
Monograms, Crosses, &c., &c., for the use of Architectural and Engineering 
Draughtsmen, Missal Painters, Masons, Decorative Painters, Lithographers, 
Engravers, Carvers, &c., &c. Collected and Engraved by F. Delamotte, and 
printed in Colours. New and Cheaper Edition. Royal 8vo, oblong, 
ornamental boards 2/6 

" For those who insert enameUed sentences round gfilded chalices, who blazon shop legends 
over shop^loors, who letter church walls with pithy sentences from the Decalogue, this book will be 
usefaL"—Atk£furufn. 

MODERN ALPHABETS, PLAIN AND ORNAMENTAL. 

Including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Court Hand, Engrossing^ Tuscan, Riband, Gothic, Kustic, and Arabesque ; 
with several Original Designs, and an Analysis of the Roman and Old English 
Alphabets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&c. Collected and Engraved by F. Delamotte, and printed in Colours. 
New and Cheaper Edition. Royal 8vo, oblong, ornament^ boards . 2/6 

" There is comprised in it every possible shape into which the letters of the alphabet and 
numerals can be formed, and the talent which has been expended in the conception of the various 
plain and ornamental letters is yrondctfvLL"—SUindard. 

MEDI/EVAL ALPHABETS AND INITIALS FOR 

ILLUMINATORS. 

By F. G. Delamotte. Containing ax Plates and Illuminated Title, printed 

in Gold and Colours. With an Introduction by J. Willis Brooks. Fourth 

and Cheaper Edition. Small 4to, ornamental boards .... 4/0 

"A volume in which the letters of the alphabet come forth g^lorified in gilding and all the 
colours of the prism interwoven and intertwined and intermingled."— iS««K. 

A PRIMER OF THE ART OF ILLUMINATION. 

For the Use of Beginners ; with a Rudimentary Treatise on the Art, Practical 
Directions for its Exercise, and Examples taken from Illuminated MSS., 
printed in Gold and Colours. By F. Delamotte. New and Cheaper 
Edition. Small 4to, ornamental boards 6/0 

" The examples of ancient MSS. recommended to the student, which, with much good sense, 
the author chooses from collections accessible to all, are selected with judgment and knowledge i s 
well as taste.''-~AtheHaufn. 

THE EMBROIDERER'S BOOK OF DESIGN. 

Containing Initials^ Emblems, Cyphers, Monograms, Ornamental Borders. 
Ecclesiastical Devices, Mediaeval and Modern Alphabets, and National 
Emblems. Collected by F. Delamotte, and printed in Colours. Oblong 
royal 8vo, ornamental wrapper 1/6 

" The book will be of great assistance to ladies and young children who are endowed with 
the art of plying the needle in this most ornamental and useful pretty work. "—East A nglian Times. 



INSTRUCTIONS IN WOOD-CARVINQ FOR AMATEURS. 

With Hints on Design. By A Lady. With lo Plates. New and Cheaper 

Edition. Crown 8vo, in emblematic wrapper 2/0 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt from ' A 
Lady's ' publication."— ^iAcmrMm. 

PAINTING POPULARLY EXPLAINED. 

By Thomas John Gullick, Painter, and John Timbs, F.S.A. Including 
Fresco, Oil, Mosaic, Water-Colour, Water-Glass, Tempera, Encaustic, 
Miniature, Painting on Ivory, Vellum, Pottery, Enamel, Glass, &c Fifth 
Edition. Crown 8vo, cloth 5/0 

*** Adopted as a Priz* Book at South KensingtoH, 

" Much inny be learned, even by those who fancy they do hot require to be taught, froiu the 
careful {.erusal ot this unpretending^ but comprehensive trcatLe.'—Are^^ourfia/. 



32 CROSBY LOCKWOOD S* SON'S CATALOGUE. 



NATURAL SCIENCE, Ac. 
THE VISIBLE UNIVERSE. 

Chapters on the Oriein and Construction of the Heavens. By J. E. Gore, 
F.R.A.S., Author of ^' Star Groups," &c Illustrated hy 6 Stellar Photographs 
and 13 Plates. Demy 8vo, cloth 1 6/0 

" A valuable and lucid summary of recent astronomical theory, rendered more Taluable and 
attractive by a series of stellar photographs and other illustrations."— T'A/ Titnes. 

"In presenting a clear and concise account of the present state of our knoidedge Mr. Gore 
has made a valuable addition to the literature of the subject."— A'aMre. 

" Mr. Gore's ' Visible Universe ' is one of the finest works on astronomical science that have 
recently appeared in our language. In spirit and in method it is scientific from cover to cover, but 
the style is so clear and attractive that it will be as acceptable and as readable to those who make 
no scientific pretensions as to those who devote themselves specially to matters astronomical."— 
Luds Mercury. 

STAR GROUPS. 

A Student's Guide to the Constellations. By J. Ellard Gork, F.R.A.S., 
M.R.I.A., &c., Author of "The Visible Universe," "The Scenery of the 
Heavens," &c. With 30 Maps. Small 4to, cloth 5/0 

" The volume contains thirty maps showing stars of the sixth magnitude— the usual naked-eye 
limit — and each is accompanied uy a brief commentary adapted to facilitate recogfnition and bring 
to notice objects of special interest. For the purpose of a preliminary survey of the ' midnight 
pomp ' of the heavens nothing could be better than a set of delineations averaging scarcely twenty 
square inches in area and including nothing that cannot at once be identified."— s&A«ntoj' Review. 

AN ASTRONOMICAL GLOSSARY. 

Or, Dictionary of Terms used in Astronomy. With Tables of Data and Lists 
of Remarkable and Interesting Celestial Objects. By J. Ellard Gore, 
F.R.A.S., Author of " The Visible Universe," &c. Small crown 8vo, cloth. 

2/6 

"A verv useful little work for beginners in astronomy, and not to be despised by more 
advanced stuaents."— 77m Times. 

" A very handy book . . . the utility of which is much increased by its valuable tables of 
astronomical datSL"—A/M€funtfH. 

THE MICROSCOPE. 

Its Construction and Management. Including Technique, Photo-micrography, 
and the Past and Future of the Microscope. By Dr. Hemri van Heurck. 
Re-Edited and Augmented from the Fourth French Edition, and Translated 
by Wynne E. Baxter, F.G.S. 400 pp., with upwards of 250 Woodcuts, 
imp. 8vo, cloth 1 8/0 

" A translation of a weD-known work, at once popular and comprehensive."— TrwMX. 
" The translation is as felicitous as it is accurate. —A'a/s^rr. 

ASTRONOMY. 

Bv the late Rev. Robert Main, M.A., F.R.S. Third Edition, Revised by 
William Thynne Lynn, B.A., F.R.A.S., formerly of the Royal Observatory, 
Greenwich. z2mo, cloth 2/0 

" A sound and simple treatise, very carefully edited, and a capital book for beginnets."— 
ITncwieds'e. 

"Accuratdy brought down to the requirements of the present time by Mr. Lynn." — 
Educatienal Times. 

A MANUAL OF THE MOLLUSCA. 

A Treatise on Recent and Fossil Shells. By S. P. Woodward, A.L.S., 
F.G.S. With an Appendix on Recent and Fossil Conchological 
Discoveries, by Ralph Tate^ A.L.S., F.G.S. With 23 Plates and 
upwards of 300 Woodcuts. Repnnt of Fourth Edition (z88o). Crown 8vo, 

cloth 7/6 

" A most valuable storehouse of conchological and geological information.'*— sSacmv Gossip. 

THE TWIN RECORDS OF CREATION. 

Or, Geology and Genesis, their Perfect Harmony and Wonderftd Concord 

By G. W. V. LE Vaux. 8vo, cloth 5/O 

" A valuable contribution to the evidences of Revelation, and disposes very conclusively of 
the argumentt of those who would set God's Works against God's Word. No teal difficulty is 
•hiriced. and no sophistry is left unexposed. "^TTm Rock, 
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HANDBOOK OP MECHANICS. 

By Dr. Lardner. Enlarged and re-nrritten by Benjamin Loewy, F.R.A.S. 
378 Illustrations. Post 8vo, cloth 3/0 

" The perspicuity of the original has been retained, and chapters which had become obsolete 
have been replaced by others of more modem character. The explanations througrhout are 
studiously popular, and care has been taken to show the application of the various branches of 
physics to the industrial arts, and to the practical business of life." — Mining youmal. 

HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 

By Dr. Lardner. New Edition, Revised and Enlarged by Benjamin Loewy. 
F.R.A.S. With 236 Illustrations. Post Bvo, cloth .... 6/0 

" For those ' who desire to attain an accurate knowledgfe of physical science without the 
profound methods of mathematical investigration,' this work is well adapted." — Chemical News. 

HANDBOOK OF HEAT. 

By Dr. Lardner. Edited and re-written by Benjamin Loewy, F.R. A.S., &c. 

117 Illustrations. Post Bvo, cloth 6/0 

"The style is always clear and precise, and conveys instruction without leaving any cloudiness 
or lurking^ doubts \i^\aDA."— Engineering. 

HANDBOOK OF OPTICS. 

B3r Dr. Lardner.^ New Edition. Edited by T. Olver Harding, B. A. Lond. 
With 298 Illustrations. Small 8vo, 448 pp., cloth fi/O 

" Written by one of the ablest Eng^lish scientific writers, beautifully and elaborately illustrated." 
—Mechanics' Magazine. 

ELECTRICITY, MAGNETISM, AND ACOUSTICS. 

By Dr. Lardner. Edited by Geo. Carey Foster, B.A., F.C.S. With 
400 Illustrations. Small 8vo, cloth 6/0 

" The book could not have been entrusted to any one better calculated to preserve the terse 
and lucid style of Lardner, while correcting his errors and bringing up his work to the present 
state of scientific knowledge." — Popular Science Review, 

HANDBOOK OF ASTRONOMY. 

By Dr. Lardner. Fotu-th Edition. Revised and Edited by Edwin Dunkin, 
F.R.A.S., Royal Observatory, Greenwich. With 38 Plates and upwards of 
xoo Woodcuts. 8vo, cloth 9/B 

" Probably no other book contains the same amount of information in so compendious and 
wen arranged a form — certainly none at the price at which this is offered to the public."— ^iA«ff«M«fi. 

" We can do no other than pronounce this work a most valuable manual of astronomy, and 
we strongly recommend it to all who wish to acquire a general — but at the same time correct- 
acquaintance with this sublime science." — Quarterly youmal of Science. 

MU5EUM OF SCIENCE AND ART. 

Edited by Dr. Lardner. With upwards of 1,200 Engravings on Wood. In 
Six Double Volumes, £1 1 s. in a new and elegant cloth binding ; or band* 
somely bound in half-morocco £1 lis. 6d. 

" A cheap and interesting publication, alike informing and attractive. The pa{)ers combine 
tuUects of importance and great scientific knowledge, considerable inductive powers, and a popular 
style of treatment."— ^2i;^cta/l9r. 

Separate books formed from the above. 



Common Thingrs Explained. 5s. 
The Microscope. 25. cloth. 
Popular Qeolosry* *^- ^' cloth. 
Popular Physics, us. 6d. cloth. 



Steam and its Uses. 2$. cloth. 
Popular Astronomy. 4s. 6d. cloth. 
The Bee and White Ants. as. cloth. 
The Electric Telegraph, is. 64- 



NATURAL PHILOSOPHY FOR SCHOOLS. 

By Dr. Lardner. Fcap. 8vo 3/6 

"A very convenient class book for junior students in private schools."— ^r»/irA Quarterly 
Review. 

ANIMAL PHYSIOLOGY FOR 5CH00L5. 

By Dr. Lardner. Fcap. 8vo 3/6 

" Clearly written, well arranged, and excellently 'OlasXxaXGd."— Gardener's Chronicle. 

THE ELECTRIC TELEGRAPH. 

By Dr. Lardner. Revised by £. B. Bright, F.R.A.S. Fcap. 8vo. . 2/6 
" One of the most readable books extant on the Electric T^lefpa.^.*'— English Mechanic. 

L. C 
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CHEMICAL MANUFACTURES, 
CHEMISTRY, &c. 



THE QAS ENGINEER'S POCKET-BOOK. 

Comprising Tables, Notes and Memoranda relatinp^ to the Manufacture, 
Distribution and Use of Coal Gas and the Construction of Gas Works. By 
H. O'Connor, A.M.Inst.C.E. Second Edition, Revised. 470 pp., crown 8vo, 
fully Illustrated, leather. [Just Published, 10/6 

" The book contains a vast amount of information. The author eoes consecutively through 
the en^^eerins^ details and practical methods involved in each of the different processes or parts 
of a gas-works. He has certainly succeeded in making a compilation of hard matters of^ &ct 
absolutely interesting to read." — Gas World. 

" A useful work of reference for the g^as engineer and all interested in lighting or heating by 
g^as, triiile the analyses of the various descriptions of gas will be of value to the technical chemist. 
All matter in any way connected with the manufacture and use of gas is dealt with. The book has 
evidently been careniUy compiled, and certainly constitutes a useful addition to gas literature."^ 
BuiiJer. 

" The volume contains a great quantity of specialised information, compiled, we believe, from 
trustworthy sources, which should make it of considerable value to those for whom it is specifically 
produced. — Engineer. 

LIOHTINQ BY ACETYLENE 

Generators, Burners, and Electric Furnaces. By William E. Gibbs, M.E. 
With 66 Illustrations. Crown 8vo, cloth. [Just Published, 7IQ 

ENQINEERINQ CHEMISTRY. 

A Practical Treatise for the Use of Analytical Chemists, Engineers, Iron 
Masters. Iron Founders, Students and others. Comprising Methods of Analy^ 
and Valuation of the Principal Materials used in Engmeering Work, with 
Analyses, Examples and Suggestions. By H. J. Phillips, F.I.C, F.CS. 
Second Edition, Enlarged. Crown 8vo, 400 pp., with Illustrations, cloth 1 0/6 

" In this work the author has rendered no small service to a numerous body of practical 
men. . . . The analytical methods may be pronounced most satisfactory, being as accurate as the 
despatch required of engineering chemists permits." — Chemical News. 

" FuU of good things. As a handbook of technical analysis, it is verv welcome."— ^M^Mrr. 

" The analytical methods given are, as a whole, such as are likely to give rai>id and trust* 
worthy results in experienced hands. . . . There is much excellent descriptive matter in the work, 
the chapter on ' Oib and Lubrication ' being specially noticeable in this xospect."— Engineer. 

NITR0-EXPL0SIVE5. 

A I*ractical Treatise concerning the Properties, Manufactture, and Analysis 
of Nitrated Substances, including the Fulminates, Smokeless Powders, and 
Celluloid. By P. G. Sanpord, F.I.C, Consulting Chemist to the Cotton Powder 
Company, &c. With Illustrations. Crown 8vo, cloth. [Just Published, 9/0 
" Any one having: the requisite apparatus and materials could make nitro-glycerine or gun- 
cotton, to say nothing of other explosives, by the aid of the instructions in ^is volume. This is 
one of the very few text-books in which can be found just what is wanted. Mr. Sanford goes 
through the whole list of explosives commonly used, names any given explosive, and tells us of what ' 
it is composed and how it is manufactured. The book is excellent throughout." — Bt^neer. 

A HANDBOOK ON MODERN EXPLOSIVES. 

A Practical Treatise on the Manufacture and Use of Dynamite, Gun-Cotton, 
Nitro-Glycerine and other Explosive Compounds, including Collodion-Cotton. 
With Chapters on Explosives in Practical Application. By M. Eisslbr, 
Mining Engineer^ and Metallurgical Chemist. Second Edition, Enlarged. 
With 150 Illustrations. Crown 8vo, cloth. [J^^st Published. 1 2/8 

" Useful not only to the miner, but also to officers of both services to whom blasting and the 
use of explosives generally may at any time become a necessary auxiliary."— JVa/wr«. 

DANGEROUS GOODS. 

Their Sources and Properties, Modes of Storage and Transport. With Notes 
and Comments on Accidents arising therefrom, together with the Government 
and Railway Classifications, Acts of Parliament, &c. A Guide for the Use of 
Government and Railway Officials, Steamship Owners, Insurance Companies 
and Manufacturers, and Users of Explosives and Dangerous Goods. By 
H. Joshua Phillips, F.I.C, F.CS. Crown 8vo, 374 pp., doth . . Q/Q 
*' Meitts a wide diculation, and an intelUgent, appreciative tXnAf."— Chemical News, 
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A MANUAL OF THE ALKALI TRADE. 

Including the Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufactiurer, Newcastle-upon-Tyne and 
London. ^90 pp. of Text. With 232 Illustrations and Working Drawings, 
Second Edition, with Additions. Super-royal 8vo, cloth . . £1 1 0s. 

" This book is written by a manufacturer for manufacturers. The workincf details of the most 
approved forms of apparatus are given, and these are accompanied by no less than 232 wood 
engravings, all of which may be used for the purposes of construction. Eveiy step in the manu- 
facture is very fiilly described in this manual, and each improvement explained. — Athefueutn. 

" We find not merely a sound and luminous explanation of the chemical principles of the 
trade, but a notice of numerous matters which have a most important bearing on the successful 
conduct of alkali works, but which are generally overlooked by even experienced technological 
9U\hoK."— Chemical Review. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 

GBOLOOY. 

Containing all known^ Methods of Anhydrous Analysis, many Working 
Examples, and Instructions for Making Apparatus. By Lieut. -Colonel W. A. 
Ross, R.A., F.G.S. With 120 Illustrations. Second Edition, Enlarged. 
Crown 8vo, cloth 5/0 

" The student who goes conscientiously through the course of experimentation here laid down 
will gain a better insight into inorganic chemistry and mineralogy than if he had ' got up ' any of the 
best text-books of the day, and passed any number of examinations in their contents. —CA^mtcv/ 
News. 

THE MANUAL OF COLOURS AND DYE-WARES. 

Their Properties, Applications, Valuations, Impurities and Sophistications. 
For the Use of Dyers, Printers, Drysalters, Brokers, &c. By J. W. Slater. 
Second Edition, Revised and greatly Enlarged. Crown 8vo, cloth . 7/6 

" A complete encyclopaedia of the materia tinctoria. The information ^ven respecting each 
article is full and precise, and the methods of determining the value of articles such as these, so 
liable to sophistication, are given with clearness, and are practical as well as valuable." — Chemist 
and Druggist. 

" There is no other work which covers precisely the same ground. To students preparing 
for examinations in dyeing and printing it will prove exceedingly usefuL" — Chemical News. 

A HANDY BOOK FOR BREWERS. 

Being a Practical Guide to the Art of Brewing and Malting. ^ Embracing the 
Conclusions of Modem Research which bear upon the Practice of Brewing. 
By Herbert Edwards Wright, M.A. Second Edition, Enlarged. Crown 
8vo, 530 pp., cloth. [/«s/ Published. 1 2/6 

" May be consulted with advantage by the student who is preparing himself for examinational 
tests, while the scientific brewer will find in it a r/sum/ of all the most important discoveries of 
modem times. The work is written throughout in a clear and concise manner, and the author 
takes great care to discriminate between vague theories and wdl-established iacts."— Brewers' 
youmal. 

" We have great pleasure in recommending this handy book, and have no hesitation in saying 
that it is one of the best — ^if not the best — ^which has yet been written on the subject of beer-brewine 
in this country ; it should have a place on the shelves of every brewer's ]ibxzty."— Brewers' 
Guardian. 

'* Although the requirements of the student are primarily considered, an acquaintance of half- 
an-hour's duration cannot fail to impress the practical brewer with the sense of having found a 
trusfeworthy guide and practical counsellor in brewery matters."— CA^msiea/ Trade journal. 

FUELS: SOLID, LIQUID, AND GASEOUS. 

Their Analysis and Valuation. For the Use of Chemists and Engineers. By 

H. J. Phillips, F.C.S., formerly Analytical and Consulting Chemist to the 

G.E. Rlwy. Third Edition, Revised and Enlarged. Crown 8vo, cloth 2/0 

** Ought to have its place in the laboratory of every metallurgical establishment and wherever 
6iel is used on a large sca]a."—Chemiatl News, 
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THE ARTISTS' MANUAL OF PIGMENTS. 

Showing their Composition, Conditions of Permanency, Non-Permanency, and 

Adulterations ; Efifects in Combination with Each Other and with Vehicles ; 

and the most Reliable Tests of Purity. By H. C. Standagb. Crown 8vo. 2/6 

" This work is indeed multutn-in-^rvo, and we can, with gfood conscience, recommend it to 

dl who come in contact with pi^^ents, whether as makers, dealers, or \xsexs."—Chetnic»l Review. 

A POCKET-BOOK OF MENSURATION AND QAUQINQ. 

Containing Tables, Rules, and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants, &c. By J. B. Mant, Inland Revenue. Second Edition, 
Revised. i8mo, leather 4-/0 

" This handy and useful book is adapted to the requirements of the Inland Revenue Depart- 
ment, and will be a favourite book of reference."— Cn^Viaw. 

" Should be in the hands of every practical hnmt/t."'— Brewers' yeumal. 



INDUSTRIAL ARTS, TRADES, AND 

MANUFACTURES. 



TEA MACHINERY AND TEA FACTORIES. 

A Descriptive Treatise on the Mechanical Appliances required in the 

Cultivation of the Tea Plant and the Preparation of Tea for the Market. By 

A. J. Wallis-Tayler, A. M. Inst. C.E. Medium 8vo, 468 pp. With »i8 

Illustrations. U^st Published, Net 25/0 

summary of contents : — mechanical cultivation or tillage of the 

soil.— plucking or gathering the leaf.— tea factories.— the dressing, 

Manufacture, or Preparation of Tea by mechanical Means.— Artificial 

wlthering of the leaf.— machines for rolling or curling the leaf.— 

Fermenting process.— Machines for the automatic Drying or Firing of thk 

Leaf.— Machines for Non-Automatic Drying or Firing of the Leaf.— Drying 

OR Firing Machines.— Breaking or Cutting, and Sorting Machines.— Packing 

the Tea.— means of Transport on Tea Plantations.— Miscellaneous Machinery 

and Apparatus.— Final Treatment of the Tea.— Tables and Memoranda. 

"The subject of tea machinery is now one of the first interest to a large class of people, to 
whom we strongly commend the \o\axae."— Chamber o/Comtnerce yoitmal, 

" When tea planting was first introduced into the British possessions little, if any, machinery 
was employed, but now its use is almost universal. This volume contains a very full account of the 
machinery necessary for the proper outfit of a factory, and also a description of the processes best 
carried out by this machvaery."— journal Society o/Arts. 

FLOUR MANUFACTURE. 

A Treatise on Milling Science and Practice. By Fribdrich Kick, Imperial 
Regierungsrath, Professor of Mechan^^ Technology in the Imperial German 
Pol3irtechnic Institute, Prague. Translated from the Second Enlarged and 
Revised Edition with Supplement. By H. H. P. Powles, Assoc Memb. 
Institution of Civil Engineers. Nearly 400 pp. Illustrated with 28 Folding 

Plates, and 167 Woodcuts. Royal 8vo, cloth £1 Gs, 

" This vsduable work is, and will remain, the standard authority on the science of milling. . . . 
The miller who has read and digested this work will have laid the foundation, so to speak, of a 
successful career ; he will have acquired a number of general principles which he can proceed to- 
apply. In this tuuidsome volume we at last have the accepted text-book of modem milling in good, 
sound English, which has little, if any, trace of the German idiom."— T'Ae Miller. 

COTTON MANUFACTURE. 

A Manual of Practical Instruction of the Processes of Opening, Carding, 
Combing, Drawing, Doubling and Spinning of Cotton, the Methods of 
Dyeing, &c. For the Use of Operatives Overlookeis, and Manufacturers. 
By John Lister, Technical Instructor, Pendleton. 8vo, cloth . . 7/G 

" A distinct advance in the literature of cotton manufacture."— ^ocAtM^ry. 

" It is thoroughly reliable, fulfilling nearly all the requirements desired."— (^Aur^vw Herald. 

MODERN CYCLE5. 

A Practical Handbook on their Construction and Repair. By A. J. Wallis- 
Tayler, A. M. Inst. C. E. Author of " Refrigerating Machinery," &c. With 
upwards of 300 Illustrations. Crown 8vo, cloth. [/m5^ Pubhshed. 1 Q/S 

" The large trade that is done in the component parts of bicycles has placed in tho way of 
men mechanicaUy inclined extraordinary facilities for building bicycles for their own use. . . . The 
book will prove a valuable guide for all those who aspire to the manufacture or repair of their own 
machines.' — The Field. 

" A most comprehensive and up-to-date treatise."- The Cycle. 

" A very useful book, which is quite entitled to rank as a standard work for students of cycle- 
construction. —Hlteetinsr. 
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CEMENTS, PA5TE5, QLUE5, AND QUM5. 

A Practical Guide to the Manufacture and Application of the various Agglnti- 
nants required in the Building, Metal< Working, Wood-Working, and Leather- 
Working Trades, and for Workshop, Laboratory or Office Use. With upyrards 
of 900 Recipes and Formulae. By H. C. Standagb, Chemist. Third Edition. 
' Crown 8vo, cloth. [Jitst Published. 2/0 

"We have pleasure in speaking favourably of this volume. So far as we liave had 
experience, wliich is not inconsiderable, this manual is trustworthy."— A the fueufft. 

" As a revelation of what are considered trade secrets, this book will arouse an amount of 
curiosity among: the large number of industries it touches."— i7at^ Chronicle. 

THE ART OF 50AP-MAKINQ. 

A Practical Handbook of the Manufacture of Hard and Soft Soaps, Toilet 
Soaps, &c. Including many New Processes, and a Chapter on the Recovery of 
Glycerine from Waste Leys. By Alx. Watt. Sixth Edition, including an 
Appendix on Modern Candlemaking. Crown 8vo, cloth. 

\ Just Published. 7 IS 

"The work will prove very useful, not merely to the technological student, but to the 
practical soap boiler who wishes to understand the theory of his art."—Ch€fnical News. 

" A thoroughly practical treatise on an art which has almost no literature in our langua^ 
We congratulate the author on the success of his endeavour to fill a void in English techmcal 
literature. "—Nature. 

PRACTICAL PAPER-MAKING. 

A Manual for Paper-Makers and Owners and Managers of Paper-Mills. With 
Tables, Calculations, &c. By G. ClappbrtoM, Paper-Maker. With Illus- 
trations of Fibres from Micro-Photographs. Crown 8vo, cloth . . 5/0 

" The author caters for the requirements of responsible mill hands, apprentices, &c., whilst 
his manual will be found ofgreat service to students of technology, as well as to veteran paper- 
ooakers and mill owners. The illustrations form an excellent feature."— TA^ fVorld's Paper Trade 
Review. 

" We recommend everybody interested in the trade to get a copy of this thoroughly practical 
book."— iA»/«r Making. 

THE ART OF PAPER-MAKINQ. 

A Practical Handbook of the Manufacture of Paper from Rags, Esparto, 
Straw, and other Fibrous Materials. Including the Manufacture of Pulp from 
Wood Fibre, with a Description of the Machinery and Appliances used. To 
which are added Details of Processes for Recovering Soda from Waste Liquors. 
By Alexander Watt, Author of ** The Art of Soap-Making." With Illus- 
trations. Crown Svo, cloth 7/Q 

"It may be regarded as the standard work on the subject. The book is full of valuable 
information. The ' Art of Paper-Making ' is in every respect a model of a text-book, either for a 
technical class, or for the private student ' — Paper and Printing Trades journal. 

A TREATISE ON PAPER. 

For Printers and Stationers. With an Outline of Paper Manufacture ; Complete 
Tables of Sizes, and Specimens of Different Kinds of Paper. By Richard 
Parkinson, late of the Manchester Technical School. Demy Svo, cloth. 

[Just Published. 3/6 

THE ART OF LEATHER MANUFACTURE. 

Being a Practical Handbook, in which the Operations of Tanning, Currying, 
and Leather Dressing are fully Described, and the Principles of Tanning 
Explained, and many Recent Processes Introduced ; as also Methods for the 
Estimation of Tannin, and a Description of the Arts of Glue Boiling. Gut 
Dressing, &c. By Alexander Watt, Author of ** Soap-Making, &c. 
Fourth Edition. Crown Svo, cloth Q/O 

" A sound, comprehensive treatise on tannine and its accessories. The book is an eminently 
valuable production, which redounds to the credit of both author and publishers."— C/i«m«^/ 
Rezriew. 

THE ART OF BOOT AND SHOE MAKING. 

A Practical Handbook, including Measurement, Last- Fitting, Cutting-Out, 
Closing and Making, with a Description of the most approved Machinery 
Employed. By John B. Leno, late Editor of St. Crispin^ and Th* Boot and 
Shot-Makif. zamo, cloth 2/0 
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WOOD ENQRAVINQ. 

A Practical and Easy Introduction to the Study of the Art. By W. N. Brown, 
i2mo, cloth "l/g 

" The book is clear and complete, and will be osefiil to any one wanting to understand the 
first elements of the beautiful art ol wood engravins^."— Oi^Atc. 

* 

MODERN HOROLOGY, IN THEORY AND PRACTICE. 

Translated from the French of Claudius Saunibr, ex-Director of the School 
of Horology at Macon, by Julikn Tripplin, F.R.A.S., Besancon Watch 
Manufacturer, and Edward Rigg, M.A., Assayer in the Royal Mint. With 
Seventy-eight Woodcuts and Twenty-two Coloured Copper Plates. Second 
Edition. Super-royal 8vo, cloth, £2 2s. ; half-calf . . £2 1 0a. 

" There is no horologfical work in the Eng^lish lan^fuag'e at all to be compared to this produc- 
tion of M. Saunier's for clearness and completeness. It is alike good as a guide for the stuctent and 
as a reference for the experienced horologist and skilled worlunan." — Horoltigical yournal. 

** The latest, the most complete, and the most reliable of those literary procuictions to which 
continental watchmakers are indebted for the mechanical superiority over their English brethren 
—in fact, the Book of Books, is M. Saunier's ' Treatise.' "— Watchmaker ^ yeweiUr, and SihiersmUh. 

THE WATCH ADJUSTER'S MANUAU 

A Practical Guide for the Watch and Chronometer^ Adjuster in Making, 
Springing, Timing and Adjusting for Isochronism, Positions and Temperatures. 
By C. £. Fritts. 370 pp., with Illustrations, 8vo, cloth . . .1 6/0 

THE WATCHMAKER'S HANDBOOK. 

Intended as a Workshop Companion for those engaged in Watchmaking and 
the Allied Mechanicat Arts. Translated from the French of Claudius 
Saunier, and enlarged by Julien Tripplin, F.R.A.S., and Edward 
Rigg, M.A., Assayer m the Royal Mint. Third Edition. 8vo, cloth. 9/0 



' Each part is truly a treatise in itself The arrangement is good and the language is cleai 
ncise. It is an adunirable guide for the young watchmaJcer. " — Eneineering^. 
" It is impossible to speak too highly of its excellence. It fams every requirement in a 



handbook intended for the use of a workman. Should be found in every worlcshop. — ^f<s/^ and 
Clocktnaier. 

A HISTORY OF WATCHES & OTHER TIMEKEEPERS- 

By James F. Kendal, M.B.H. Inst. Boards, 1/6; or cloth, gilt . 2/S 
"The best which has yet appeared on this subject in the English language."— /»</Mf/r»ef. 
" Open the book where you may, there is interesting matter in it concerning the ingenious 
devices of the ancient or modem tkotcAo^^."— Saturday Review. 

ELECTRO-DEPOSITION. 

A Practical Treatise on the Electrolysis of Cold, Silver, Copper, Nickel, and 
other Metals and Alloys. With Descriptions of Voltaic Batteries, Magneto 
and Dynamo-Electric Machines, Thermopiles, and of the Materials and 
Processes used in every Department of the Art, and several Chapters on 
Electro-Metallurgy. By Alexander Watt, Author of " Electro- 
Metallurgy," &c. Third Edition, Revised. Crown 8vo, cloth . . 9/0 
"Eminently a book for the practical worker in electro-deposition. It contains practical 

descriptions of methods, processes and materials, as actually pursued and used in the workshop."— 

Engineer. 

ELECTRO-METALLURGY. 

Practically Treated. By Alexander Watt. Tenth Edition, including the 

most recent Processes. i2mo, cloth 3/6 

" From this book both amateur and artisan may learn everything necessary for the successful 
prosecution of electroplating."— /row. 

JEWELLER'S ASSISTANT IN WORKING IN GOLD. 

A Practical Treatise for Masters and Workmen, Compiled from the Experience 

of Thirty Years' Workshop Practice. By George E. Gee, Author of " The 

Goldsmith's Handbook," &c. Crown 8vo, cloth 7/6 

" Thfs m a nu al of technical education is apparently destined to be a valuable auzOiaiy to a 
handicraft which is certainly csipable of great improvement."- 77m Times. 
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ELECTROPLATINQ. 

A Practical Handbook on the Deposition of Copper, Silver, Nickel, Gold, 
Aluminium, Brass, Platinum, &c., &c. By J. W. Urquhart, C.E. Fourth 
Edition, Revised. Crown 8vo, cloth. [/usi Published. fi/O 

" An excellent practical manual." — Engineering. 

" An excellent work, gfiving the newest information."— ^0r0/<%?£as/ y<mmaU 

ELECTROTYPINQ. 

The Reproduction and Multiplication of Printing Surfaces and Works of Art 
by the Electro-Deposition of Metals. By J. W. Urquhart, C.E. Crown 8vo, 
cloth 6/0 

" The book is thorous^hly practical ; the reader is, therefore, conducted throug^h the leading 
laws of electricity, then through the metals used by electrotypers, the apparatus, and the depositing 
processes, up to the final preparation of the work."— -.<4r/ youmal, 

QOLDSMITH'S HANDBOOK. 

By George E. Gee, Jeweller, &c. Fifth Edition. lamo, cloth . . 3/0 

"A good, sound educator, and will be generally accepted as an authority." — Hor^legical 
youmal. 

SILVERSMITH'S HANDBOOK. 

By George E. Gee, Jeweller, &c. Third Edition, with ntunerous lUustra- 

tions. x2mo, cloth 3/0 

" The chief merit of the work is its practical character. . . . The workers in the trade will 
speedily discover its merits when they sit down to study it." — English Mechanic. 

\* Tht abov$ two works together, strongly half -bound, price 7s, 

5HEET METAL WORKER'5 INSTRUCTOR. 

Comprising a Selection of Geometrical Problems and Practical Rules for 
Describing the Various Patterns Required by Zinc, Sheet-Iron, Copper, and 
Tin-Plate Workers. By Reuben Henry Warn. New Edition, Revised and 
greatly Enlarged by Joseph G. Horner, A.M.I.M.E. Crown 8vo, 254 pp., 
with 430 Illustrations, cloth. [Ji*st Published. 7/6 

BREAD & BISCUIT BAKER'S & SUQAR-BOILER'S 

ASSISTANT. 

Including a large variety of Modern Recipes. With Remarks on the Art of 

Bread-making. By Robert Wells. Third Edition. Crown 8vo, cloth . 2/0 

" A large number of wtinldes for the ordinary cook, as well as the baker." — Saturday Review. 

PASTRYCOOK & CONFECTIONER'S GUIDE. 

For Hotels, Restaurants, and the Trade in general, adapted also for Family 
Use. By R. Wells, Author of "The Bread and Biscuit Baker." Crown 8vo, 
cloth 2/0 

" We cannot speak too hig^hly of this really excellent work. In these days of keen competition 
our readers cannot do better than purchase this book." — Bakers' Times. 

ORNAMENTAL CONFECTIONERY. 

A Guide for Bakers, Confectioners and Pastrycooks ; including a variety d 

Modem Recipes, and Remarks on Decorative and Coloured Work. With lag 

Original Designs. By Robert Wells. Second Edition. Crown 8vo . 6/0 

" A valuable work, practical, and should be in the hands of every baker and confectioner. 

The illustrative desipis are alone worth treble the amount charged for the whole ■yiot)L."— Bakers* 

Times. 

THE MODERN FLOUR CONFECTIONER, WHOLESALE 

AND RETAIL. 

Containing a large Collection of Recipes or Cheap Cakes, Biscuits, &c. With 

remarks on the Ingredients Used in their Manufacture. By Robert Wells, 

Author of " The Bread and Biscuit Baker," &c. Crown 8vo, cloth . 2/0 

" The work is of a decidedly practical character, and in every recipe regard b had to economical 

wofUns."— A^«r£% British Daily MaiL 

RUBBER HAND STAMPS 

And the Manipulation of Rubber. A Practical Treatise on the Manufacture of 
Indiarubber Hand Stamps, Small Articles of Indiarubber, The Hektograph, 
Special Inks, Cements, and Allied Subjects. By T. O'Conor Sloane, A.M., 
Pn.D. With numerous Illustrations. Square 8vo, cloth . . • 6/0 
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HANDYBOOKS FOR HANDICRAFTS. 

BY PAUL N. HASLUCK. 
Editor of " Work " (New Series), Author of " Lathe Work," " MiUing Machines," &c 

Crown 8vo, 144 pp., price is. each. 
Thtu Handybooks have bun written to supply informoHon for Wokkmbn. 
Students, and Amateurs in the several Handicrafts, on the actual Practice 0/ 
the Workshop, and are intended to convey in plain language Technical Know> 
ledge of the several Crafts. In describing the processes employed, and the manipu- 
lation of material, workshop terms are used ; workshop practice is fully explained ; 
and the text is freely illustrated with drawings of modem tools, appliances, and 
processes. 

THE METAL TURNER'S HANDYBOOK. 

A Practical Manual for Workers at the Foot-Lathe. With over zoo Illus- 
trations. 1/0 

" The book will be of service alike to the amateur and the artisan turner. It dis|^ys 
thorough knowledge of the subject." — Scotsman. 

THE WOOD TURNER'S HANDYBOOK. 

A Practical Manual for Workers at the Lathe. With over zoo Illustrations. 

1/0 

" We recommend the book to youngf turners and amateurs. A multitude of workmen have 
hkherto sought in vain for a manual of this special industry." — Mechanical iVorld, 

THE WATCH JOBBER'5 HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and Adjusting. With upwards of 

100 Illustrations I/O 

" We strongly advise all young persons connected vrith the watch trade to acquire and study 
this inexpensive •wox)ii."—CUrken7ueU Chronicle. 

THE PATTERN MAKER'S HANDYBOOK. 

A Practical Manual on the Construction of Patterns for Founders. With 

upwards of zoo Illustrations I/O 

"A most valuable, if not indispensable manual for the pattern ma)tet."—'Knorwt€dge. 

THE MECHANIC'S WORKSHOP HANDYBOOK. 

A Practical Manual on Mechanical Manipulation, embracing Informatioa 
on various Handicraft^ Processes. With Useful Notes and Miscellaneous 

Memoranda. Comprising about aoo Subjects I/O 

" A very clever and useful book, which should oe found in every workshop ; and it shoukl 
certainly find a place in all technical schools."— Sa/Mnrfoy Review. 

THE MODEL ENGINEER'S HANDYBOOK. 

A Practical Manual on the Construction of Model Steam Engines. With 

upwards of 100 Illustrations. . I/O 

"Mr. Hasluck has produced a very good little \ioo)l."— Builder. 

THE CLOCK JOBBER'S HANDYBOOK. 

A Practical Manual on Cleaning, Repairing, and -Adjusting. With upwards of 

zoo Illustrations I/O 

" It is of inestimable service to those commencing the KnA^"— Coventry Standard, 

THE CABINET MAKER'S HANDYBOOK. 

A Practical Manual on the Tools, Materials, Appliances, and Processes 

employed in Cabinet Work. With upwards of zoo Illustrations . .I/O 

" Mr. Hasluck's thorough-going little Handybook is amongst the most practical guides we 
have seen for beginners in cabmet-work."— .Samrttoj^ Review. 

THE WOODWORKER'S HANDYBOOK OF MANUAL 

INSTRUCTION. 

Embracing Information on the Tools, Materials, Appliances and Processes 

Employed in Woodworking. With Z04 Illustrations I/O 

Opinions op the Press. 
" Written by a man who knows, not only how work ought to be done, but how to do it, aod 
how to convey his knowledge to others." — Engineering. 

" Mr. Hasluck writes admirably, and gives complete instructions." — Engineer . 
" Mr. Hasluck combines the experience of a practical teacher with the manipulatlTe sldD and 
scientific knowledge of processes of the trained mechanician, and the manuals are marvels of what 
can be produced at a popular price." — Schoolmaster. 

" Helpful to workmen of all ages and degrees of experience." — Daily Chronicle, 
"Practical, sensible, and remarkably cheap." — journal q^ Education, 
Concise, clear, and practical."— sSo^ntey Review. 
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COMMERCE, COUNTING-HOUSE WORK, 

TABLES, &c. 



CE550N5 IN COMMERCE. 

By Professor R. Gambaro, of the Ro3ral High Commercial School at Genoa. 
Edited and Revised by Jambs Gault, Professor of Commerce and Commercial 
Law in King's College, London. Second Edition, Revised. Crown 8vo . 3/8 

'* The publishers of this work have rendered considerable service to the cause of commercial 
-education by the opportune production of this volume. . . . The work is peculiarly acceptable to 
EnS^lish readers and an admirable addition to existing class books. In a phrase, we think the work 
Attams its object in furnishing: a brief account of those laws and customs of British trade with which 
the commercial man interested therein should be familiar."— CAam^^r 0/ Commerce yaumal. 

" An invaluable guide in the hands of those who are preparing for a commercial career, and 
an fact, the information it contains on matters of business should be impressed on every one."— 
CoHHting House. 

THE FOREIGN COMMERCIAL CORRESPONDENT. 

Being Aids to Commercial Corresp>ondence in Five Languages — English, 
French, German, Italian, and Spani.sh. By Conrad E. Baker. Third 
Edition, Carefully Revised Throughout. Crown 8vo, cloth. 

[Just Published. 4/6 

" Whoever wishes to correspond in all the languages mentioned by Mr. Baker cannot do 

better than study this work, the materials of which are excellent and conveniently arranged. They 

consist not of entire specimen letters, but — what are far more useful — short passages, sentences, or 

phrases expressing the same general idea in various totva&."—AOt€HaurH. 

" A careful examination has convinced us that it is unusually complete, weU arranged and 
veliable. The book is a thoroughly good ou»."—SchoolmdUter. 

FACTORY ACCOUNTS: their PRINCIPLES & PRACTICE. 

A Handbook for Accotmtants and Manufacturers, with Appendices on the 
Nomenclature of Machine Details; the Income Tax Acts; the Rating of 
Factories ; Fire and Boiler Insurance ; the Factory and Workshop Acts, &c., 
including also a Glossary of Terms and a large number of Specimen Rulings. 
By Emilb Garckb and J. M. Fells. Fourth Ekiition, Revised and Enlarged. 
Demy 8vo, 250 pp., strongly botmd o/O 

" A very interesting description of the requirements of Factory Accounts. . . . The principle 
of assimilating the Factory Accounts to the general commercial books is one which we thoroughly 
«gree yfith."—j4cantfttatUs' youmal. 

" Characterised by extreme thoroughness. There are few owners of fiactories who would not 
4lerlve great benefit from the perusal of this most admirable wotk."— Local Gotw^ment Chronicle, 

MODERN METROLOGY. 

A Manual of the Metrical Units and Systems of the present Century. With 
an Appendix containing a proposed English System. By Lewis D. A. 
Jackson, A. M. Inst. C. E., Author of " Aid to Survey Practice," &c. Large 
crown 8vo, cloth 1 2/8 

"We recommend the work to all interested in the practical reform of our weights and 
aieasures. "—Nature. 

A SERIE5 OF METRIC TABLE5. 

In which the British Standard Measures and Weights are compared with those 

of the Metric System at present in Use on the Continent. By C. H. Dowling, 

C.E. 8vo, strongly botmd 1Q/6 

"Mr. Dowling's Tables are well put together as a ready reckoner for the conversion of one 
system into the aOiSX."—AtJutueum^ 

THE IRON AND METAL TRADES' COMPANION. 

For Expeditiously Ascertaining the Value of any Goods bought or sold by 
Weight, from is. per CMrt. to ixs5. per cwt., and from one farthing per pound to 
one shilling per pound. By Thomas Downie. 396 pp., leather . . 9/0 

" A most useful set of Ubles, nothhig like them before existed."— ^M^ZiMnf News. 
" Although specially adapted to the iron and metal trades, the Ubles wiD be found useAd in 
every other buSness in wnich merchandise Is bought and sold by •wnkf^"'— Railway News. 
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NUMBER, WEIGHT, AND FRACTIONAL CALCULATOR. 

Containing upwards of 350,000 Separate Calculations, showing at a Glance the 
Value at 423 Different Rates, ranging from yljth of a Penny to 30s. each, or per 
cwt., and £^0 per ton, of any number of articles consecutively, from i to 470. 
Any number of cwts., ors., and lbs., from i cwt. to 470 cwts. Any number of 
tons, cwts., qrs., and lbs., from z to 1,000 tons. By William Chadwick, 
Public Accountant. Third Edition, Revised. 8vo, strongly bound . 1 8/Q 

** It is as easy of reference for any answer or any number of answers as a dictionary. For 
making up accounts or estimates the book must prove mvaluable to all who have any considerable 
quantity of calculations involving' price and measure in any combination to do." — Engineer, 

"The most perfect work of the kind yet prepared." — GUtsgaw Herald, 

THE WEIGHT CALCULATOR. 

Being a Series of Tables upon a New and Comprehensive Plan, exhibiting at 
one Reference the exact Value of any Weight from x lb. to*z5 tons, at 300 
Progressive Rates, from id. to i68£. per cwt., and containing 186,000 Direct 
Answers, which, with their Combinations, consisting of a single addition 
(mostly to be performed at sight), will afford an aggregate of 10,366,000 
Answers ; the whole being calculated and designed to ensure correctness and 
promote despatch. By Henry Harben, Accountant. Fifth Edition, carefully 
Corrected. Royal 8vo, strongly half-bound £1 6s. 

" A practical and useful work of reference for men of business generallv."— /rv»«»w^fvr. 
"(n priceless value to business men. It is a necessary book in all mercantile raices." — 
Sheffield Ind^endent. 



THE DISCOUNT GUIDE. 

Comprising several Series of Tables for the Use of Merchants, Manufacturers, 
Ironmongers, and Others, by which may be ascertained the Exact Profit arising 
from any mode of usine Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a Price, so as 
to produce, by one operation, a sum that will realise any required Profit after 
allowing one or more Discounts : to which are added Tables of Profit or 
Advance from \\ to 90 per cent.. Tables of Discount from i^ to gSf per cent., 
and Tables of Commission, &c., from ^ to 10 per cent. By Henry Harben, 
Accountant. New Edition, Corrected. Demy 8vo, half-bound . £1 6b. 
" A book such as this can only be appreciated by business men. to whom the saving: of time 

means savings of money. The work must prove of great value to merchants, manufacturers, and 

general XxaAiet^"— British Trade Journal, 

TABLES OF WAGES. 

At 54, 52, 50 and ^8 Hours per Week. Showing the Amounts of Wages from 
One quarter of an hotu' to Sixty -four hours, in each case at Rates of Wages 
advancing by One Shilling from 4s. to 55s. per week. By Thos. Garbutt, 
Accountant. Square crown 8vo, half-bound 6/0 

IRON-PLATE WEIGHT TABLES. 

For Iron Shipbuilders, Engineers, and Iron Merchants. Cont^ning the 
Calculated Weights of upwards of 150,000 different sizes of Iron Plates from 
I foot by 6 in. by i in. to 10 feet by 5 feet by i in. ^ Worked out on the Basis of 
40 lbs. to the square foot of Iron of i inch in thickness. By H. Burlinson 
and W. H. Simpson. 4to, half-bound £1 6s. 

MATHEMATICAL TABLES (ACTUARIAL). 

Comprising Commutation and Conversion Tables, Logarithms, Cologarithms, 
Antilogarithms and Reciprocals. By J. W. Gordon. Royal 8vo, mounted 
on canvas, in cloth case. [/ms^ Published. 6/Q 
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AGRICULTURE, FARMING, 
GARDENING, &c. 



THE COMPLETE GRAZIER AND FARMER'S AND 

CATTLB BRBBDER'S ASSISTANT. 

A Compendium of Husbandry. Originally Written by William YouatTc 
Fourteenth Edition, entirely Re-M^itten, considerably Enlarged, and brought 
up to Present Requirements, by William Fream, LL.D., Assistant Com- 
missioner, Royal Commission on Agriculture, 1893, Author of " The Elements 
of Agriculture," &c. Royal 8vo, z,ioo pp., with over 450 IllustrationSr 
handsomely bound. [ /usi Published. £1 lis. 60* 

Summary of Contents. 



Book I. On the Varibtibs. Brbbding, 
Rearing, fattening and Managb- 
MENT OF Cattle. 

Book II. On the Economy and Man- 
agement OF THE Dairy. 

Book III. On the Breeding, Rearing, 
AND Management of Horses. 

Book IV. on the Breeding, Rearing. 
AND Fattening of Sheep. 

Book v. on the breeding. Rearing, 
AND Fattening of Swine. 

Book VI. on the Diseases of Ltvb 



Stock. 



Book VII. On the Brbbding, Rearing, 

AND Management of Poultry. 
Book Vlll. On Farm offices and- 

Implements of husbandry. 
Book ix. On the Culture and MaN' 

agement of grass lands. 
Book X. On the Cultivation ani> 

Application of Grasses, Pulse anit 

ROOTS. 

Book Xl. On Manures and their 
Application to Grass Land and 
Crops. 

Book Xll. monthly Calendars of 
Farmwork. 



*»* Opinions of the Press on the New Edition. 



" Dr. Fream is to be congratulated on the successful attempt he has made to give us a work 
which will at once become the standard classic of the farm practice of the countiy. We believe 
that it wUl be found that it has no compeer among the many works at present in existence. . . r 
The illustrations are admirable, while the frontispiece, which represents the well-known bull. 
New Year's Gift, owned by the Queen, is a work of dxt."—Tkt Times. 

" The book must be recognised as occupsring the proud position of the most exhausthre work- 
of reference in the English lai^age on the subject with which it d«dls."—Ath€netMnt. 

" The most comprehensive guide to modem farm practice that exists in the Eng^h language 
to-day. . . . The book is one that ought to be on every farm and in the library of every land 
owaex."— Mark Lane Express. 

"In point of exhaustiveness and accuracy the work will certainly hold a pre-eminent and 
unique position among books dealing with scientific agricultural practice. It is, in fact, an agricul- 
tural library oiitstM.'^— North BriHsh Agriculturist. 

" A compendium of authoritative and well-ordered knofHedgeon every conceivabl%branch of 
the work of the live stock farmer; probably without an equal in this or any other country."— 
Yorkshire Post. 

FARM LIVE STOCK OF GREAT BRITAIN. 

By Robert Wallace, F.L.S., F.R.S.E.. &c., Professor of Agriculture and 
Rural Economy in the University of Edinburgh. Third Edition, thoroughly 
Revised and considerably Enlarged. With over zao Phototypes of Prize 
Stock. Demy 8vo, 384 pp., with 79 Plates and Maps, cloth. . . 1 2/6 

" A really complete work on the history, breeds, and management of the farm stock of Great 
Britain, and one which is likely to find its way to the shelves of every country gentleman's library." 
—The Times. 

" The latest edition of ' Farm Live Stock of Great Britain ' is a production to be proud of, and 
its issue not the least of the services which its author has rendered to agriculturau science."— 
Scottish FartHtr. 

"The book is very attractive, . . . and we can scarcely imagine the existence of » 
farmer who would not like to have a copy of this beautiAU and useful work.' — Mark Lane Exfress. 

NOTE-BOOK OF AGRICULTURAL FACTS & FIGURES 

FOR FARMERS AND FARM STUDBNTS. 

By Primrose McConnell, B.Sc, Fellow of the Highland and Agricultural 

Society, Author of " Elements of Farming." Sixth Edition, Re-written, Revised, 

and greatly Enlarged. Fcap. Svo, 480 pp., leather. \.Just Published, 6/0 

Summary op Contents : Surveying and Levelling. — weights and 
Measures. — Machinery and Buildings. — Labour. — Operations. — Draining. -> 
Embanking.— Geological memoranda.— Soils.— Manures.— Cropping.— Crops.— 
Rotations. — Weeds.- Feeding. — Dairying.— Live Stock. — Horses. — Cattle. — 
Sheep.— Pigs.— POULTRY.— Forestry.— Horticulture.— Miscellaneous. 

" No farmer, and certainly no agricultural student, ought to be without this muUunt'in-farvot 
manual of all subjects connected with the iaxm."— North British Agriculturist. 

" This little pocket-book contains a arge amount of useful information upon all kinds of agri> 
cultural subjects. Something of the kind has long been wanted."— ilfari! Lane Express. 

"The amount of information it contains is most surpridng ; the arrangement of the matter is 
so methodical— although so compressed— as to be intelligible to everyone who takes a glance through 
its pages. They teem with iuformatioo."— />'(>»«» cmd Uome-. 
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BRIT15H DAIRYING. 

A Handy Volume on the Work of the Dury-Faurm. For the Use of Technical 
Instruction Classes, Students in Agricultural Colleges and the Working Dairy- 
Farmer. By Prof. J. P. Shbldon. With Illustrations. Second Edition, 
Revised. Crown 8vo, cloth. [ Just Published. 2/8 

" Confidently recommended as a useful text-book on dairy faxiaing."—AgricMUMrai Gasette. 
" Probably the best half-crown manual on dairy work that has yet been produced."— AipfiM 
SHHsk AertcuOurist, 

" It IS the soundest little work we have yet seen on the subject."— 77tf Titfus. 

MILK, CHEESE, AND BUTTER. 

A Practical Handbook on their Properties and the Processes of their Produc- 
tion. Including a Chapter on Cream and the Methods of its Separation from 
Milk. By John Oliver, late Principal of the Western Dairy Institute, 
Berkeley. With Coloured Plates and aoo Illustrations. Crown 8vo, cloth. 

7/6 

" An exhaustive and masterly production. It may be cordially recommended to all students 
«nd practitioners of dairy science. —A'<^r/'A British Agriculturist. 

" We recommend this very comprehensive and carefully-written book to dairy-farmers and 
students of dairying. It is a distmct acquisition to the library of the agriculturist. —-AgTicuiturtU 
GaMette. 

SYSTEMATIC SMALL FARMING. 

Or, The Lessons of My Farm. Being an Introduction to Modem Farm 
Practice for Small Farmers. By R. Scott Burn, Author of " Outlines of 

Modern Farming," &c. Crown 8vo, cloth 6/0 

" This is the completest book of its class we have seen, and one wliich every amateur farmer 
will read with pleasure, and accept as a guida."— Field, 

OUTLINES OP MODERN FARMING. 

By R. Scott Burn. Soils, Manures, and Crops — Farming and Farming 
Ek:onomy — Cattle, Sheep, and Horses — Management of Dairy, Pigs, and 
Poultry — Utilisation of Town-Sewage, Irrigation, &c. Sixth Ekiition. In One 
Vol., 1,250 pp., half-bound, profusely Illustrated 1 2/0 

FARM ENQINEERINQ, The COMPLETE TEXT-BOOK of. 

Comprising Draining and Embanking j Irrigation and Water Supply ; Farm 
Roads, Fences and Gates ; Farm Buildmgs ; Barn Implements and Machines ; 
fTeld Implements and Machines ; Agricultural Surveying, &c. By Professor 
John Scott. In One Vol., 1,150 pp., half-bound, with over 600 Illustrations. 

12/0 
" Written with ereat care, as weU as with knowledsre and ability. The author has done his 
work well ; we have found him a very trustworthy guide wherever we have tested his statements. 
The volume will be of great value to agricultural students."— ilfar>k Lane Express, 

THE FIELDS OP GREAT BRITAIN. 

A Text-Book of Agriculture. Adapted to the Syllabus of the Science and 
Art Department. For Elementary and Advanced Students. By Hugh 
Clbmbnts (Board of Trade). Second Edition, Revised, with Additions. 
i8mo, cloth 2/6 

" It is a long time since we have seen a book which has pleased us more, or which contains 
such a vast and useful fund of knowledge."— £'<^tMw^»a/ Times. 

TABLES and MEMORANDA for FARMERS, ORAZIER5, 

AGRICULTURAL STUDENTS, SURVEYORS, LAND AOBNTS, 
AUCTIONEBRS, &c. 

With a New System of Farm Book-keeping. By Sidnky Francis. Fifth 

Edition. 273 pp., waistcoat-pocket size, limp leather . • 1 /6 

" Weighingf less than r oz., and occupyingf no more space than a match-box, it contains amass 
of facts and calculations which has never before, in such handy form, been obtainable. Every 
operation on the farm is dealt with. The work may be taken as thoroughly accurate, the whole of 
the tables having been revised by Dr. Fream. We cordially recommend \X,"—BeUs Weekly 
Messenger. 

THE R0THAM5TED EXPERIMENTS AND THEIR 

PRACTICAL LESSONS FOR FARMERS. 

Part I. Stock. Part II. Crops. By C. J. R. Tipper. Crown 8vo, cloth. 

[Just Published. 3/6 

" We have no doubt that the book will be wekomed by a large class of faurmeis and othflcs 
interested hi agriculture. "-^SteM^rt^. 
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FERTILISERS AND FEEDING STUFFS. 

A Handbook for the Practical Fanner. By Bernard Dyer, D.Sc. (Lond.)' 
With the Text of the Fertilisers and Feeding Stuffs Act of 1893, &c. Third 
Edition, Revised. Crown 8vo, cloth. [Jitst Published. 1 /O 

"This little book is precisely what it professes to be — *A Handbook for the Practical 
Farmer.' Dr. Dyer has done farmers sfood service in placing at their disposal so much useful 
information in so mtelligible a form."— 7V^ Times. 

BEES FOR PLEASURE AND PROFIT. 

A Guide to the Manipulation of Bees, the Production of Honey, and the 
General Management of the Apiarv. By G. Gordon Samson. With 
numerous Illustrations. Crown 8vo, cloth 1 /Q 

BOOK-KEEPINQ for FARMERS and ESTATE OWNERS. 

A Practical Treatise, presenting, in Three Plans, a System adapted for all 
Classes of Farms. By Johnson M. Woodman, Chartered Accountant. 

Second Edition, Revised. Crown 8vo, cloth 2/8 

" The volume is a capital study of a most important subject."— Agriculturai Gazette. 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. 

Giving Weekly Labour Account and Diary, and showing the Income and 
Expenditure under each Department of Crops, Live Stock, Dairy, &c., &c. 
With Valuation, Profit and Loss Account, and Balance Sheet at the End of the 
Year. By Johnson M. Woodman, Chartered Accountant. Second Edition. 
Folio, half-bound Net 7 IS 

"Contains every requisite form for keeping £arm accounts readfly and accurately."— 
Agriculture. 

THE FORCING GARDEN. 

Or, How to Grow Early Fruits, Flowers and Vegetables. With Plans and 
Estimates for Building Glasshouses, Pits and Frames. With Illustrations. 

By Samubl Wood. Crown 8vo, cloth 3/G 

" A good book, containing a great deal of valuable teacliiaag."— Gardeners' Magatrim. 

A PLAIN GUIDE TO GOOD GARDENING. 

Or, How to Grow Vegetables, Fruits, and Flowers. By S. Wood, Fourth 

Edition, with considerable Additions, and numerous Illustrations. Crown 

8vo, cloth 3/6 

" a very good book, and one to be highly recommended as a practical guide. The practical 
directions are excellent."— w4M«»MrMMi. 

MULTUM-IN-PARVO GARDENING. 

Or, How to Make One Acre of Land produce ;iC62o a jrear, by the Cultivation 
of Fruits and Vegetables ; also. How to Grow Flowers in Three Glass Houses, 
so as to realise ^176 per annum clear Profit. By Samuel Wood, Author of 
" Good Gardening, &c. Sixth Edition, Crown 8vo, sewed . . •I/O 

" We are bound to recommend it as not only suited to the case of the amateur and gentle- 
man's gardener, bat to the market grower."— Gardeners' Afag-mzine. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN. 

And Amateur's Complete Guide. By S. Wood. Crown 8vo, cloth . 3/S 
" Full of shrewd hints and useful instructions, based on a lifetime of expericoce."— Scotsman. 

POTATOES: HOW TO GROW AND 5H0W THEM. 

A Practical Guide to the Cultivation and General Treatment of the Potato. 
By J. Pink. Crown 8vo 2/0 

MARKET AND KITCHEN GARDENING. 

By C. W. Shaw, late Editor of Gardening' Illustrated. Cloth . 3/6 

"The most vahiable compendium of kitchen and market-garden work published."— Farmer. 
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AUCTIONEERING, VALUING, LAND 
SURVEYING, ESTATE AGENCY, &c. 



INWOOD'S TABLE5 FOR PURCHASINQ ESTATES 

AND FOR THE VALUATION OP PROPBRTIBS, 

Including Advowsons, Assurance Policies, Copyholds, Deferred Annuities, 
Freeholds, Ground Rents, Immediate Annuities, Leaseholds, Life Interests, 
Mortgages, Perpetuities, Renewals of Leases, Reversions, Sinking Funds, 
&c., &c. 26th Edition, Revised and Extended by William Schooling, 
F.R.A.S., with Logarithms of Natural Numbers and Thoman's Logarithmic 
Interest and Annuity Tables. 360 pp., Demy 8vo, cloth. 

[Just Published. Net BIO 
" Those interested in the purchase and sale of estates, and in the adjustment of compensation 
cases, as well as in transactions in annuities, life insurances, &c., will find the present edition of 
eminent service." — Engineerin/^. 

" This valuable book has been consider^tbly enlarj^ed and improved by the labours of 
Mr. Schooling, and is now very complete indeed." — Economist. 

" Altoj^fcther this edition will prove of extreme value to many classes of professional men in 
«aving them many long and tedious calculations.'* — Investors' Revieru. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 

AND ESTATE AQENT AND VALUBR'5 POCKET A55I5TANT. 

For the Valuation for Purchase, Sale, or Renewal of Leases, Annuities, and 
Reversions, and of Property generally ; with Prices for Inventories, &c. By 

^OHN Wheeler, Valuer, &c. Sixth Edition. Re-written and greatly Extended 
y C. NoRRis, Surveyor, Valuer, &c. Royal samo, cloth fi/O 

" A neat and concise book of reference, containingf an admirable and clearly-arranged list of 
fMrices for inventories, and a very practical guide to determine the value of furniture, &c. "-Standard. 

" Contains a large quantity of varied and useful information as to the valuation for purchase, 
sale, or renewal of leases, annuities and reversions, and of property generally, with prices for 
Inventories, and a guide to determine the value of interior fittings and other effects." — BuiitUr. 

AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 

A Manual of Instruction and Counsel for the Young Auctioneer. By Robert 
Squibbs, Auctioneer. Second Edition, Revised and partly Re-written. Demy 

8vo, cloth 1 2/6 

" The standard text-book on the topics of which it XxtaXs.''—AauH€tum. 
" The work is one of general excellent character, and gives much information in a com- 
f>endious and satisfoctory form." ^BuUdtr. 

"May be recommended as giving a great deal of information on the bw relating to 
auctioneers, in a very readable formT' — Lxew yourneU. 

" Auctioneers may be congratulated on having so pleasing a writer to minl^^^r to their special 
fleeds."— >S«/Mterr' youmal. 

THE AGRICULTURAL VALUER'5 ASSISTANT. 

A Practical Handbook on the Valuation of Landed Estates ; including 
Example of a Detailed Report on Management and Realisation; Forms of 
Valuations of Tenant Right ;^ Lists of Local Agricultural Customs ; Scales of 
Compensation under the Agricultural Holdings Act, and a Brief Treatise on 
Compensation under the Lands Clauses Acts, &c. By Tom Bright, Agricul- 
tural Valuer. Author of "The Agricultural Surveyor and Estate Agent's 
Handbook." Fourth Edition, with Appendix containing a Digest of the 
Agricultural Holdings Acts, 1883 and 1900. Crown 8vo, cloth. 

[Just Published, Net 6/0 

" Full of tables and examples in connection with the valuation of tenant-right, estates, labour, 

•contents and weights of timber, and farm produce oi9Si\axi6&."— Agricultural GaMette. 

" An eminently practical handbook, full of 
^ralue to surveyors and auctioneers in preparing ' 



" An eminently practical handbook, full of practical tables and data of undoubted interest and 
-veyors and auctioneers in preparing valuations of all kinds."— ^arwwr. 



POLE PLANTATIONS AND UNDERWOODS. 

A Practical Handbook on Estimating the Cost of Forming, Renovating, 
Improving, and Grubbing Plantations and Underwoods, their Valuation for 
Purposes of Transfer, Rental, Sale or Assessment. By Tom Bright. Crovm 
8vo, cloth 3/Q 

•• To valuers, foresters and agents it will be a wek:ome ai±"—JV»rth British AgricuUurisL 
" Well cafculated to assist the valuer hi the discharge of his duties, and of undoubted interest 
and use both to sunreyors and auct i o n ee rs in preparing valuations of all ldaid%."~mKmt Htrmld, 
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AGRICULTURAL SURVEYOR AND ESTATE AGENT'S 

HANDBOOK. 

Of Practical Rules, Formulae, Tables, and Data. A Comprehensive Manual 
for the Use of Surveyors, Agents, Landowners, and others interested in the 
Equipment, the Management, or the Valuation of Landed Estates. By 
Tom Bright, Agricultural Surveyor and Valuer, Author of "The Agri- 
cultural Valuer's Assistant," &c. With Illustrations. Fcap. 8vo, Leather. 

\Jusi Published. Net 7/6 
" An exceedingly useful book, the contents of which are admirably chosen. The classes for 
««rhom the work is intended will find it convenient to have this comprehensive handbook accessible 
<br reference." — Live Stock youmal. 

"It is a singularly compact and well informed compendium of the facts and figures likely^ to 
%)e required in estate work, and is certain to prove of much service to those to whom it is 
addressed. " — Scotsman. 

THE LAND VALUER'S BEST ASSISTANT. 

Being Tables on a very much Improved Plan, for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial Customary 
Acres to Statute Measure, &c. By R. Hudson, C.E. New Edition. 

Royal 32mo, leather, elastic band 4/0 

" Of incalculable value to the country gentleman and professional man." — Farmer^ youmal. 

THE LAND IMPROVER'S POCKET-BOOK. 

Comprising Formulae, Tables, and Memoranda required in any Computation 
relatmg to the Permanent Improvement of Landed Property. By John Ewart, 
Surveyor. Second Edition, Revised. Royal 32mo, oblong, leather . 4/0 
" A compendious and handy little ycAaxait." -Spectator. 

THE LAND VALUER'S COMPLETE POCKET-BOOK. 

Being the above Two Works bound together. Leather .... 7/6 

HANDBOOK OP HOUSE PROPERTY. 

A Popular and Practical Guide to the Purchase, Mortgage, Tenancy, and 
Compulsory Sale of Houses and Land, including Dilapidations and Fixtures : 
with Examples of all kinds of Valuations, Information on Building and on the 
right use^ of Deourative Art. By E. L. Tarbuck, Architect and Surveyor. 
Sixth Edition. lamo, cloth fi/0 

*• The advice is thoroughly practical" — Law youmal. 

** For all who have dealings with house property, this is an indispensable guide." — Decoration. 
" Carefully brought up to date, and much improved by the addition of a division on Fine 
Art. A well-wntten and thoughtAU irork."—Land Agents Record, 



LAW AND MISCELLANEOUS. 



MODERN JOURNALISM. 

A Handbook of Instruction and Counsel for the Young Journalist. By John 

B. Mackib, Fellow of the Institute of Journalists. Crown 8vo, cloth . 2/0 

" This invaluable guide to journalism is a work which all aspirants to a Journalistic career will 
vead with advantage."— ^(TMrffa/ir/. 

flANDBOOK FOR SOLICITORS AND ENGINEERS 

Engaged in Promoting Private Acts of Parliament and Provisional Orders for 
the Authorisation of Railways, Tramwavs^ Gas and Water Works, &c. 
By L. Livingstone Macassby, of the Middle Temple, Barrister-at-Law, 
M. Inst. C.E. 8vo, cloth £"1 5^, 

PATENT5 for INVENTIONS, HOW to PROCURE THEM. 

Compiled for the Use of Inventors, Patentees and others. By G. G. M. 
Hardingham, Assoc. Mem. Inst. C.E., &c. Demy 8vo, cloth . • 1/6 

CONCILIATION & ARBITRATION In LABOUR DISPUTES. 

A Historical Sketch and Brief Statement of the Present Position of the 
Question at Home and Abroad. By T. S. Jeans, Author of " England's 
Supremacy," &c. Crown 8vo, aoo pp., doth ...... 2/6 
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EVERY MAN'S OWN LAWYER. 

A Handy-Book of the Principles of Law and Equity. With a Concise 
IXctionary of L^al Terms. _ By A Barristbx. Tliirty-eighth Edition, 
carefully Revised, and including New Acts of Parliament of 1900. Com> 
prising the Companies Act, /goo ; the Money- Lenders Act^ iqoo; iixe Agri-^ 
cultural Holdings Aci, iQOo; the Workmen s Compensation Acty iqoo; ihe- 
Wild Animals in Captivity Protection Act, igoo ; the Finance Act, igoo, an<f 
other enactments of the year. Judicial Decisions during the year have als<^ 
been duly noted. Crown 8vo, 750 pp., strongly bound in cloth. 

\Just Published, 6/B 



• « 



This Standard Work of Reference forms a Complete Epitome op the 
Laws op England, comprising {atnongst other matter) ; 



THE Rights and Wrongs op individuals— Landlord and Tenant— vendors- 
AND Purchasers— LEASES and Mortgages— Principal and Agent— Partnership- 
AND Companies— Masters. Servants and Workmen— Contracts and agreements^ 
—Borrowers, Lenders and sureties— Sale and purchase op Goods— Cheques, 
Bills and Notes— Bills op Sale— Bankruptcy— Railway and Shipping Law- 
Life, Fire, and marine insurance— Accident and Fidelity Insurance— criminal 
Law— Parliamentary Elections— County councils— District Councils— Parisw 
Councils— MUNICIPAL corporations— Libel and Slander— Public Health ani> 
Nuisances— Copyright, Patents, Trade Marks— Husband and Wipe— Divorce— 
Infancy— Custody op Children— trustees and executors— Clergy, church- 
wardens. &c.— Game Laws and sporting— Innkeepers— Horses and dogs— Taxbs 
AND Death Duties— forms op agreements. Wills, codicils. Notices, &c 

WF The object of this work is to enadle those who consult it to help themselves to the 
lam : and thereby to dispense, as far as possible, with pri^essional assistance and eutvice. There 
are many wrongrs and grievances which persons submit to from time to time through not 
JhtowiMg how or where to apply for redress; and many persons have as great a elreado/'a 
lawyer's office as o/a lion's den. With this book at hand it is believed that many a Six-and- 
ElGHTPENCE may be saved ; many a wrong redressed ; many a right reclaimed; many a Urm 
suit avoided; and many an evil abated. The "work has established itself as the standard legett 
eutaiser of all classes, and has also made a reputation for itself as a useful book of referettcefor 
lawyers residing at a distance from law libraries, who are glad to have at hand a work- 
ombodying recent decisions and enactments. 

Opinions op thb Press. 

" It is a complete code of English Law written in plain language, which all can understand. 

. . . Shouldbeinthehandsoferefy business man, and all who wish to abolish lawyeis bins."— i> 
tVeehty Times. 

• * A useful and concise epitome of the law, compiled with oonsidenble care. "—Law Mageutine. 
" A complete digest of the most useful facts which constitute English }am."— Globe. 
"This excellent handbook. . . . Admirably done, admirably arranged, and admirably 
cheap." — Z^<aty Mercury -^-^— — — — ^— — — ^^-^— -^— ^____ 

" A concise, cheap, and complete epitome of the English law. So plainly written that he who 
funs may read, and he who reads may understand. " — Figaro. 

" A dictionary of legal facts well put together. The book is a very useful OD»."Speetator. 

THE PAWNBROKER'S, FACTOR'S, AND MERCHANT'S 

aUlDB TO THE LAW OP LOANS AND PLBDOaS. 

With the Statutes and a Digest of Cases. By H. C. Folkakd, Barrister-at< 
Law. Cloth 3/e 

LABOUR CONTRACTS. 

A Popular Handbook on the Law of Contracts for Works and Services. By 
David Gibbons. Fourth Edition, with App>endix of Statutes by T. F. Uttlev, 
Solicitor. Fcap. 8vo, cloth 3/6 

SUMMARY OF THE FACTORY AND WORKSHOP ACTS 

(1878- 1891). For the Use of Manufacturers and Managers. By Emilb 
Garcke and J. M. Fells. (Reprinted from " Factory Accounts.") 
Crown 8vo, sewed Qq. 

BRADBURY, AGNEW, & CO. LD., PRINTERS, LONDON AND TONHRIDGE. 
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WEALE'S SCIENTIFIC A TECHNICAL SERIES. 

MATHEMATICS, ARITHMETIC, &c. 

Geometry, Descriptive. J. F. Hsathsb . • 2/- 

Practical Plane Geometry. J. F. Hisathsr. . . 2Jf- 

Analytical Geometry. J. Hakn & J. R. Young . . 2/- 

Geometry. Part I. (Euclid, Bks. I.— III.) H. Law 1/6 
Part II. (EucUd, Books IV., V., YI., XL, 

XIL). H. Law 1/6 

Geometry, in i vol. (Euclid's Elements) . . . . 2/6 
Plane Trigonometry. J. Hann . . , .1/6 

Spherical Trigonometry. J. Hann . . . . ijf- 

The above 2 vols., bound together . . . .2/6 

Differential Calculus. W. S. B. Woolhousb . . 1/6 
Integral Calculus. H. Cox .... . .1/6 

Integral Calculus. J. Hann i/- 

Algebra. J. Haddon 2/- 

Key to ditto 1/6 

Book-keeping. J. Haddon 1/6 

Arithmetic. J. R. Yotjno 1/6 

Key to ditto 1/6 

Equational Arithmetic. W. Hipslet . . . . 1/6 

Arithmetic. J. Haddon 1/6 

Key to ditto 1/6 

Mathematical Instruments. Heatheb & Walmislxt 2/- 

Drawing & Measuring Instruments. J. F. Hbatheb 1/6 
Cptical Instruments. J. F. Hbatheb .1/6 
Surveying & Astronomical Instruments. J. F. 

Hbatheb 

The above 3 vols., bound together . 
Mensuration and Measuring. T. Baebb . 
Slide Rule, & How to Use it 0. Hoabe 



Measures, Weights, & Moneys. W. S. B. Woolhousb 2/6 



Logarithms, Treatise on, with Tables. H. Law 
Compound Interest and Annuities. F. Thoman 
Compendious Calculator. D. O'Gormait 

Mathematics. F. Oamfin 

Astronomy. R. Main & W. T. Lynn . 
Statics and Dynamics. T. Bakeb 



1/6 
4/6 
1/6 
3/6 



3/- 
4/- 
3/6 

3/- 
1/6 
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Science of Building. E. W. Tabh 
Building, Art of. E. Dobson . . 
Book on Building. Sir E. Bbokett . 
Dwelling Houses, Erection of. S. H. Bbooks 
Oottage Building. C. B. Allsn .... 
Acoustics of Public Buildings. Prof. T. R. Smith 
Practical Bricklaying. A. Hammonb . 
Practical Brick Cutting & Setting. A. Bjjulovd 

Brickwork, F. Walkbe 

Brick and Tile Making. E. Dobson. 



3/6 

2/- 

4/6 

2/6 

2/- 
1/6 
1/6 
1/6 
1/6 

3/- 



Practical Brick & Tile Book. Dobson k Hajcicond 6/- 



Oarpentry and Joinery. T. Tkxdgold k E. W. Tabn 

AtUs of 35 plates to the above . 
Handrailing and Staircasing, G. Ck)LLiN08 
Circular Work in Carpentry. O. Gollinos 
Roof Carpentry. G. Oollinos . 
Construction of Roofs. E. W. Tabn . 
Joints used by Builders. J. W. Chkistt 
Shoring. G. H. Blaoroyb 



3/6 
6/- 

2/6 

2)6 

«/- 
1/6 

3/- 
1/6 

Timber Importer's & Builder's Guide. ILE.Grandt 2/- 



Plumbing. W. P. Buohak 
Ventilation of Buildings. W. P. Buohan 
Practical Plasterer. W. Kbmp 
House-Painting. E. A. Dayidsok 
Elementary Decoration. J. W. Faoby . 
Practical House Decoration. J. W. Faobt 

Qas-Fitting. J. Black 

Portland Cement for Users. H. Faija . 
Limes, Cements, & Mortars. G. R. Bubnell 
Masonry and Stone Cutting. E. Dobson 
Arches, Piers, and Buttresses. W. Bland 
Quantities and Measurements. A. C. Bsaton 
Complete Measurer. R. Hobtok 
Light, for use of Architects. E. W. Taen . 
Hints to Young Architects. Wiohtwick k Guillaume 
Dictionary of Architectural Terms. J. Wsalb 
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Letter-Painting Made Easy. J. G. Badxvoch . 
Boot and Shoemaking. J. B. Lbno . 
Mechanical Dentistry. C. Hunter . • 
Wood Engraving. W. N. Bbown. . • 
Laundn 
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